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Summary III 
 
Summary 
The Prague Basin (Barrandian, Czech Republic) represents a classical locality for the Lower and 
Middle Paleozoic in Europe. Although so far no economic hydrocarbon accumulations have been 
detected, occurrences of bitumens and petroleum inclusions prove the generation and migration of 
hydrocarbons within the basin. Based on sedimentological and organic geochemical investigations 
a first systematic approach on the characterisation and classification of bitumens and petroleum 
inclusions has been carried out. Their relationship with possible source rocks, the thermal history 
of the basin and petroleum generation-migration has been analysed using field observations and 
microscopy, geochemical data and numerical simulations. 
Potential source rocks, ranging from Middle Ordovician to Middle Devonian, have been studied 
with respect to their source rock quality. Despite the advanced catagenetic stage of most of the 
screened strata, ranging from 0.75% (Srbsko Fm., Lower Givetian) to 2.34% (Letná Fm., Middle 
Ordovician) reflectivity equivalent to vitrinite reflectance (VRr equiv), total organic carbon (TOC) 
contents exceeding 1% have been determined. The richest source rocks can be found in the 
Silurian where TOC values reach 2.62%. The hydrocarbon potential of Devonian strata is limited 
to the lowermost Lochkov Fm., directly succeeding the Upper Silurian. Rock Eval and open 
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rocks, with some residual hydrocarbon potential be recognised for the Middle to Upper Ordovician 
Letná and Vinice Fm. Kerogen typing resulted in mixed type III/II kerogens for all possible source 
rock horizons. 
Bitumens were found exclusively in Silurian and Devonian strata, hosted in veins, fossil molds or 
vuggy porosity. Black solid bitumen was present at all sampled localities, and in some outcrops 
greenish and orange, semi-liquid and waxy later stage bitumens occurred as well. Black solid 
bitumens are remnants of oils that have been thermally altered and influenced by weathering 
effects. Semi-liquid waxy bitumens are optically isotropic, show yellow fluorescence when excited 
with ultraviolet light and exhibit low reflectance values (<0.2%). They are interpreted as 
precipitates that have dropped out of ascending and cooling condensates. As these bitumens occur 
in hostrocks of an advanced catagenetic maturity stage and in fractures circulated by meteoric 
water, this mechanism must be a young phenomenon and is probably related to Tertiary block 
tectonics. Petroleum inclusions occur at all bitumen localities and can reach a remarkable size of 
up to 0.8 mm. Fluids are trapped in calcite and quartz crystals of diagenetic cements and vein 
mineralisations. In addition to pure aqueous and pure organic inclusions heterogeneous trappings 
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containing petroleum and water within single inclusions occur. This proves that as least partly oil 
and water must have migrated in an emulsion. Direct information on the composition and pressure, 
volume and temperature conditions of fluids at the time of trapping were taken from the 
microthermometrical and geochemical analysis of fluid inclusions. 
Based on their molecular compositions, bitumens and petroleum inclusions were classified as live 
oils (A), residual fractions (B and C), precipitates (D), condensates (E) and mixtures of the groups 
above. Live oils (A) and condensates (E) as well as the involvement of evaporative fractionation 
processes could only be shown by the use of a closed system for the decrepitation and thermal 
extraction of crystals containing petroleum inclusions. A correlation of bitumens and petroleum 
inclusions with corresponding source rock horizons was based on the relative distribution of  
n-alkanes, fluoren-9-ones and the isotopic composition of bitumens and source rocks. The use of 
classical biomarker groups such as steranes and hopanes was hampered by low abundance or 
absence of these compounds in bitumen extracts. Whereas group A (live oils) and E (condensates) 
could not be correlated to specific source rocks, groups B and C have been correlated with the 
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Group C has been sourced from the same formations with a larger contribution of Ordovician 
source rocks. 
The geologic evolution of the Prague Basin was modelled along a 10.7 km long section 
perpendicular to the basin axis. The thermal calibration was carried out using reflectance values of 
various organic particles (vitrinite-like organic matter, graptolites, chitinozoa) that have been 
transformed into reflectance values equivalent to vitrinite reflectance (VRr equiv). The observed 
maturity trend from 0.89% to 2.34% VRr equiv points to the deposition of rock units in the erosive 
top of the Srbsko Fm. that are not documented in the present-day stratigraphic record. This burial 
has been modelled by a continuous sedimentation of sediments post-dating the Srbsko Fm. Apatite 
fission track length indicate a maximum burial during the Tournaisian. Minimum, maximum and 
most probable scenarios have been worked out and tested on their sensitivity on different input 
parameters. The most probable model calculated with 2200 m Devonian and Lower Carboniferous 
sediments above the top of the Srbsko Fm. and a heat flow of 71 mW/m2. Permocarboniferous and 
Cretaceous sedimentation on the folded and eroded Prague Basin did not lead to a second 
generation of hydrocarbons and does not have an influence on the present-day maturity pattern of 
the Prague Basin. 
No carrier systems and reservoirs occur in the Prague Basin. Therefore migration of hydrocarbons 
was restricted to faults and fracture systems. A first charge of oil in fractures and fossil molds has 
been thermally degraded and occurs today as black solid bitumen. Waxy, semi-liquid bitumens 
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precipitated from ascending condensates - saturated in higher molecular compounds - that 
discharged from micro-reservoirs. This migration concepts along faults and the resulting co-
existence of oils from different sources in the fractures has been shown numerically to be possible. 
 
 . 
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Zusammenfassung 
Das Prager Becken ist ein klassisches Gebiet paläontologischer Forschung des Alt- und 
Mittelpaläozoikums. Es umfaßt den ordovizisch bis mitteldevonische Anteil des Barrandiums und 
ist strukturell ein Teil der Moldanubischen Zone der mitteleuropäischen Varisziden. Das Prager 
Becken erschließt die am geringsten metamorphen Schichten dieses Alters in Mitteleuropa und 
bietet daher eine einzigartige Möglichkeit, Einblick in die cadomische und frühvariszische 
Entwicklung des Moldanubiums zu gewinnen. 
Obschon im Prager Becken keine wirtschaftlichen Vorkommen von Kohlenwasserstoffen bekannt 
sind, belegen Aufschlußvorkommen von Bitumen und ölgefüllte Flüssigkeitseinschlüsse die 
Genese und Migration von Kohlenwasserstoffen. Im Rahmen des Projektes „Barrandisches 
Becken“ wurde eine erste systematische Charakterisierung und Klassifizierung dieser Restöle und 
Flüssigkeitseinschlüsse vorgenommen und ihre genetischen Zusammenhänge mit möglichen 
Muttergesteinen und der thermischen Geschichte des Prager Beckens untersucht. Dabei kamen 
Feld- und mikroskopische Beobachtungen, geochemische Untersuchungen und die numerische 
Beckensimulation zu Anwendung. 
Die stratigraphische Position der untersuchten möglichen Muttergesteine erstreckt sich vom 
mittleren Ordovizium bis zum mittleren Devon. Trotz des fortgeschrittenen diagenetischen 
Reifestadiums der untersuchten Schichten mit einer Zunahme der Reife von 0,75% (Srbsko Fm., 
Unteres Givet) auf 2,34% (Letná Fm., Caradoc) Reflexion entsprechend der von Vitrinit (VRr equiv) 
wurden auch für die reifsten Proben der mittelordovizischen Letná Fm. teilweise hohe 
Gesamtgehalte an organischem Kohlenstoff (TOC) ermittelt (>1%). Die höchste 
Muttergesteinsqualität ergab sich für die silurischen Formationen Lite 		#'(		,	
wird über die TOC-Messungen hinaus von Rock Eval-Analysen und Kerogenuntersuchungen mit 
offener Pyrolyse gestützt. Das Kohlenwasserstoffpotential devonischer Schichten ist im 
Wesentlichen auf die unterste Lochkov Fm. beschränkt, die sich direkt an die silurische 
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von Typ III/II für alle in Frage kommenden Muttergesteinsformationen an. 
Bitumenfunde waren ausschließlich auf silurische und devonische Schichten beschränkt und in 
Klüften, Fossilhohlräumen und Gesteinslösungsporen zu finden. An allen Fundpunkten wurde 
schwarzes Festbitumen vorgefunden, an einigen Fundpunkten wurde außerdem halbflüssiges, 
wachsiges Bitumen aus einer jüngeren Migrationsphase angetroffen. Schwarze Festbitumen sind 
thermisch veränderte Restöle, die zusätzlich Verwitterungsprozessen unterworfen wurden. 
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Halbflüssige, wachsige Bitumen zeigen bei der Anregung mit ultraviolettem Licht eine gelbliche 
Fluoreszenz. Reflexionsmessungen an diesen optisch isotropen Wachsen ergaben Werte <0,2% Rr. 
Diese Wachse werden als Ausfällungen von aufsteigenden und sich abkühlenden Kondensaten 
verstanden. Da diese Wachse in Klüften von Gesteinen zu finden sind, die ein fortgeschrittenes 
katagenetisches Reifestadium aufweisen und die von meteorischen Wassern durchströmt werden, 
muß es sich bei dieser Wachsausfällung um einen jungen Prozeß handeln, der vermutlich mit 
tertiärer Blocktektonik zusammenhängt. 
Öl- und gasgefüllte Flüssigkeitseinschlüsse sind an allen Bitumenfundpunkten zu finden und 
können eine beträchtliche Größe erreichen. In idiomorphen Quarzen aus dem Steinbruch Kosov 
sind Einschlüsse mit einem Durchmesser bis zu 0,8 mm enthalten, die bereits im Gelände mit 
bloßem Auge gut zu erkennen sind. Einschlüsse sind in Kalziten und Quarzen von 
Kluftmineralisationen und diagenetischen Zementen eingewachsen. Neben rein wässrigen und rein 
organischen Einschlüssen treten auch heterogene Einschlüsse nicht mischbarer Fluide auf, in 
denen sowohl Öl aus auch Wasser enthalten ist. Flüssigkeitseinschlüsse liefern direkte 
Informationen über die Zusammensetzung und die Druck-, Volumen-, und Temperaturbedingungen 
von Fluiden zur Zeit des Fluideinschlusses, die durch mikrothermometrische und geochemische 
Analysen gewonnen wurden. 
Das lösliche organische Material von Bitumen und repräsentativen Muttergesteinsproben wurden 
extrahiert, in fünf Heterostoffgruppen mit Stickstoff-, Sauerstoff- und Schwefelatomen und in 
aromatische und aliphatische Kohlenwasserstoffe fraktioniert und mit Gaschromatographie (GC), 
Gaschromatographie - Massenspektroskopie (GC-MS) und Metastabiler Ionenverhältnis-
registrierung - Gaschromatographie - Massenspektroskopie (MRM-GC-MS) untersucht. Die 
chemische Zusammensetzung von organischen Verbindungen in Flüssigkeitseinschlüssen wurde 
sowohl mit einem geschlossenen on-line System, in dem die Einschlüsse dekrepitiert und 
thermisch extrahiert wurden, als auch in einer off-line Meßreihe nach dem „crush and leach“ 
Prinzip untersucht. Geochemische Daten des geschlossenen on-line Systems liefern anders als C15+ 
-Extrakte von Muttergesteinen und Bitumen auch Informationen über die Zusammensetzung 
leichtflüchtiger Kohlenwasserstoffe. Über diese leichtflüchtigen Kohlenwasserstoffe konnten 
Fraktionierungsprozesse durch Verdampfung und Kondensation sowie die Beteiligung von 
Gaslösungsprozessen nachgewiesen werden. Aufgrund ihrer geochemischen Charakteristika 
konnten Bitumen und organische Flüssigkeitseinschlüsse in primäre „live oils“ (A), zwei residuale 
Fraktionen (B und C), Wachspräzipitate (D) und Kondensate (E) klassifiziert werden. Der 
Nachweis von live oils (A) und Kondensaten (E) sowie der Nachweis von Prozessen der 
Verdampfungsfraktionierung war nur durch die Verwendung des geschlossenen on-line Systems 
möglich. 
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Eine Korrelation von Bitumen und kohlenwasserstoffhaltigen Flüssigkeitseinschlüssen mit 
entsprechenden Muttergesteinshorizonten stützt sich auf die relative Verteilung von n-Alkanen, 
Fluoren-9-onen und die isotopische Zusammensetzung von Bitumen und Muttergesteinen. Die 
klassischen Biomarkergruppen der Sterane und Hopane sind nur eingeschränkt zur Korrelation 
verwendbar, da insbesondere die Bitumenextrakte keine oder nur sehr wenige Biomarker 
enthielten. Während die Gruppen A (live oils) und E (Kondensate) keiner bestimmten 
Muttergesteinsformation zugeordnet werden konnten, ergab sich für die Gruppe B und C eine 
Korrelation mit der silurischen ) 	 	 #'(	 "	 mit einer geringen Beteiligung der 
ordovizischen Vinice und Letná Fm. Gruppe C wurde von den selben Muttergesteinen mit einer 
stärkeren Beteiligung von ordovizischen Formationen generiert. 
Die geologische Entwicklung des Prager Beckens wurde entlang eines 10,7 km langen Profils 
senkrecht zur Beckenachse simuliert. Die thermische Kalibration des Schnittes erfolgte mit 
Reflexionswerten verschiedener organischer Partikel (vitrinitartige Mazerale, 
Graptolithenperiderm, Chitinozoen), die in Vitrinitreflexionswerte übertragen wurden. Der 
vorgefundene Reifetrend deutet auf die Ablagerung von heute nicht mehr erhaltenen Gesteinen im 
Hangenden der Srbsko Fm. hin, deren erosives Hangendes in das unterste Givet datiert wird. Diese 
Versenkung wurde durch eine fortschreitende Sedimentation im Hangenden der Srbsko Fm. 
simuliert. Abkühlalter aus Spaltspurenverteilungen von Apatiten lieferten Informationen zur 
Abkühlungs- und Hebungsgeschichte des Beckens. Das Maximum der Versenkung wurde nach 
diesen Daten ins Tournai datiert. Für diese devonische und unterkarbonische Versenkung wurde 
ein Minimal-, ein Maximal- und ein wahrscheinlichstes Szenario ermittelt und auf die Sensitivität 
auf die Veränderung verschiedener Eingabeparameter überprüft. Als wahrscheinlichstes Szenario 
wurde die Ablagerung von 2200 m Sediment im Hangenden der Srbsko Fm. bei einem Wärmefluß 
von 71 mW/m2 ermittelt. Die Ablagerung permokarboner und kretazischer Sedimente im 
Hangenden des variszisch verfalteten Prager Beckens hatte keinen Einfluß auf die heutige 
Reifeverteilung und führte nicht zu einer zweiten Genesephase von Kohlenwasserstoffen. 
Träger- und Speichergesteine sind im Prager Becken nicht anzutreffen. Folglich war die Migration 
von Kohlenwasserstoffen auf Störungen und Klüfte beschränkt. Restöle einer ersten 
Migrationsphase, die an Kluftwandungen, Fossil- und Gesteinshohlräumen zurückgeblieben sind, 
wurden thermisch degradiert und liegen heute als schwarze Festbitumen vor. Wachsartige, 
halbflüssige Bitumen wurden aus aufsteigenden Kondensaten ausgefällt, die an höhermolekularen 
Verbindungen gesättigt waren. Dieses Migrationskonzept konnte in numerischen Simulationen als 
möglich belegt werden. 
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Abbreviations 
AFI Aqueous Fluid Inclusions 
amu atomic mass unit 
API gravity 
5.131
F60at gravity  specific
141.5
API −
°
=°  
Light oils is >31.1° API, medium oil, 22.3 to 31.1 °API, heavy oil 10 to 
22.3°API and extra heavy oil <10°API (Hunt, 1996, p. 633) 
ASC Academy of Sciences of the Czech Republic 
BI Bitumen 
CPI Carbon Preference Index (Bray & Evans, 1961) 
CPI 1-7 Carbon Preference Indices (see definition of chemical parameters, 
Appendix C) 
DFG Deutsche Forschungsgemeinschaft 
E East 
eV Electon Volt (1.602 1.E-19 Joule) 
ISO 1-4 Geochemical parameters based on isoprenoids, see definition of 
geochemical parameters Appendix C 
FID Flame Ionisation Detector 
FZ Jülich Forschungszentrum Jülich GmbH 
GC Gas Chromatography 
GOR “Gas-Oil-Ratio” (see definition of chemical parameters, Appendix C) 
GP Grid point for finite elements (2D basin modelling) 
GC-MS Gas Chromatography - Mass Spectrometry 
HC Hydrocarbons 
HI Hydrogen Index (mg HC/g TOC) 
i.d. internal diameter 
ISO 1-4 Isoprenoid ratios (see definition of chemical parameters, Appendix C) 
LHCPI Low vs. High Carbon Preference Index (see definition of chemical 
parameters, Appendix C) 
m/z mass/charge 
Ma Million years 
Mabp Million years before present 
md millidarcy (9.87 *10-10 m2) 
 
MNR Methylnaphthalene Ratio (see definition of chemical parameters, 
Appendix C) 
MPI Max-Planck Institute 
XII  
MPI-1 Methylphenanthrene Index-1 (see definition of chemical parameters, 
Appendix C) 
MPLC Medium Pressure Liquid Chromatography 
MPR Methylphenanthrene Ratio (see definition of chemical parameters, 
Appendix C) 
MRM-GC-MS Metastable Reaction Monitoring - Gas Chromatography – Mass 
spectrometry (MS-MS approach) 
MSSV Micro-scaled sealed vessel (Horsfield et al., 1989) 
N North 
n number 
n.d. not detected or unreliable 
NE Northeast 
NSO Heterocompounds with nitrogen, sulphur and oxygen 
NW Northwest 
OI Oxygen Index (mg CO2/g TOC) 
OM Organic Matter 
PDB Isotopic standard, based on a rostrum of Belemnitella americana from 
the Cretaceous Peedee Fm. 
PI Petroleum Inclusions 
Rc Calculated Vitrinite Reflectance, extrapolated from a geochemical 
parameter 
S South 
sd Standard Deviation 
SE Southeast 
SL Sea Level 
SW Southwest 
TC Total Carbon 
Thom Homogenisation Temperature 
TOC Total Organic Carbon 
Tt Trapping Temperature 
VRr Random vitrinite reflectance 
VRr equiv Reflectance equivalent to random reflectance of vitrinite  
W West 
XRD X-ray defractometry 
XX crystal 
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A FLUID INCLUSION SPEAKS ITS MIND 
 
Do you like me? 
Why do you look 
At this tiny thing 
That I am? 
 
I see your eyes 
And you want to sing to me 
To discover my soul. 
 
Don’t tell me 
That you want to know me 
Just to learn my secrets. 
Caught you there 
With you soul bare. 
 
You want to know my past. 
Was I homogeneous? 
Was I heterogeneous? 
These are the questions 
I see in your eyes. 
 
Can you hear me? 
I am trying to say something. 
I know you can love me. 
And when you do 
I will tell it to you all. 
 
Jayanty Guha 
Chincoutimi, March 6, 1992 
 
 . .  
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1. Introduction 
The Prague Basin is part of the Barrandian unit and is located in the Czech Republic. It is named 
after the French engineer for road construction Joachim Barrande (1799-1883), whose treaties on 
the “systéme silurien” are a comprehensive documentation of the Lower Paleozoic fossil content in 
Middle Bohemia. Since that time the Barrandian has been a classical playground for 
paleontologists and stratigraphers, and its formations serve as international stratotypes for the 
definition of the Pridolian (Uppermost Silurian), Lochkovian, Pragian and Zlichovian (Lower 
Devonian) stage. The Barrandian is part of the Moldanubian zone of the Middle European 
Variscan belt and is the least metamorphosed unit of Upper Proterozoic to Middle Devonian 
sediments in Central Europe. Therefore it offers a unique possibility to gain new insights on the 
Cadomian and early Variscan evolution of the Moldanubian belt. 
Bitumen occurrences in outcrops have long been known in the Prague Basin (e.g. Jahn, 1883). 
These residual oils together with the occurrence of petroleum inclusions (e.g. Dobeš et al., 1997) 
provide evidence that the generation and migration of hydrocarbons (HC) have taken place 
sometime during the evolution of the Prague Basin. 
No commercial findings of petroleum are known in the Prague Basin. Bitumen occurrences are 
almost exclusively restricted to the Silurian and Devonian part of the Prague Basin and have been 
reported by Šimánek & Cílek (1969), Šimánek (internal report Czech Geological Survey, 1970), 
Brunnerová et al. (1975) and Rozkošný et al. (1994). A finding of bitumen in Ordovician strata has 
been documented by Králik et al. (internal report Czech Geological Survey, 1960) exclusively. 
However, chemical analyses of these residual oils are rare and have not been related to the general 
evolution of the basin (e.g. Dubanský et al., 1990). Modern geochemical investigations have been 
performed by Rozkošný et al. (1994) on three bitumens and kerogens from lobolites of the 
abandoned quarry Podolí-Dvorce (locality 15, Fig. 2.1 this study) using Rock Eval and elemental 
analyses, Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFT), Nuclear 
Magnetic Resonance (NMR) and fluorescence spectra. 
While stratigraphy and paleontology have been advanced with great effort and detail within the 
Barrandian, only little was known on the quality and maturity of possible source rocks from which 
these residual oils and petroleum inclusions have been generated. In addition, the thermal 
evolution and hydrocarbon history of the basin has been neglected for a long time and attracted 
scientific interest only recently (Suchý & Hyršl, 1990; Suchý et al., 1992; Suchý et al., 1996; 
Suchý et al., 1997; Suchý et al., 2000). 
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Petroleum is generated from organic-rich rocks induced by a burial of these source rocks into the 
temperature and pressure zones of the oil and gas window. The distribution of oil and gas in a 
specific area is dependant on the timing of geological processes as deposition of potential source 
rocks, the entrance of these source rocks into the oil and gas window, the development of 
migration pathways and trapping structures and the distribution of porosities and permeabilities in 
carrier beds and reservoir rocks. For the formation of a petroleum system sensu Magoon & Dow 
(1994), all these processes must interact in a favourable timing to lead to the accumulation of 
commercially interesting petroleum occurrences. 
The geochemical composition of petroleum is dependant on its source, the maturity at which it was 
generated from a source rock as well as secondary processes as migration, biodegradation, water 
washing and phase changes induced by changing pressure and temperature conditions. These 
changing pressure and temperature conditions can lead to a separation of oil and gas phase, 
evaporative fractionation and the precipitation of waxes from ascending oil and gas fluids. In this 
study the geochemical composition of source rocks, bitumens and petroleum inclusions has been 
investigated to understand these processes and connect them with the geological history of the 
Prague Basin using 2D basin modelling techniques.  
 
1.1 Objectives 
The current study is part of the DFG-project “Barrandian Basin - Integrated balancing of the 
thermal evolution of a Paleozoic sedimentary basin, exemplified by the Barrandian Basin, with 
special emphasis on fluid migration“, a co-operation of Czech and German researchers associated 
with the DFG priority progamme “Orogenic processes – Quantification and modelling in the 
Variscan Belt”. Its overall aim is to understand the origin and distribution of petroleum and its 
residues (bitumens and petroleum inclusions) and the processes leading to the present-day 
distribution of these occurrences. As these occurrences are restricted to the Prague Basin - a 
subdivision of the Barrandian comprising the area covered with Ordovician to Middle Devonian 
sediments - information from other areas of the Barrandian are treated only insofar as they are 
relevant for the distribution of hydrocarbons within the Prague Basin. Finally, this information and 
information of other co-workers in the project “Barrandian Basin” were incorporated in a 
numerical simulation of the Prague Basin to exemplify the possibilities and limits of an integrated 
basin analysis on the example of the isolated, Lower Paleozoic Prague Basin. 
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More specifically, the following questions have to be answered: 
• What stratigraphic units are possible source rock horizons, and what is the quality and 
quantity of these source rocks? 
• How can bitumens and petroleum inclusions be correlated with each other, and can a 
correlation be made to specific source rock horizons? 
• What evidence concerning pressure conditions and the timing of migration processes do we 
have? 
For a numerical simulation of the hydrocarbon history in the Prague Basin, the thermal evolution is 
one of the key factors for the generation and migration of hydrocarbons. This is no mean task 
because of the age and geological complexity of the area. To constrain this thermal evolution, the 
following questions have to be answered: 
• How did temperature change with time during the evolution of the Prague Basin? 
• What is the regional distribution of thermal maturity within the basin now and in the past? 
• What relationship exists to the tectonic evolution of the area? 
After gathering the necessary constraints on the thermal history and petroleum generation and 
migration, the last question is: 
• How can field observations, petrography and organic geochemistry be applied within the 
framework of basin modelling to predict the timing and extend of petroleum formation in the 
Prague Basin? 
Answers to all of these questions, some confident and others tentative, are presented in this thesis. 
 
1.2 Geological setting 
The Prague Basin is situated in the Czech Republic and is part of the Teplá-Barrandian unit. The 
longitudinal axis of this syncline measures about 65 km and stretches between the cities of Prague 
(Praha) and Pilsen (P %"			2			$				34	0	 "		,	
is part of the Bohemian Massif, the largest outcrop of crust overprinted in the Variscan Orogeny 
(Chaloupský, 1989). A schematic map of the Teplá-Barrandian and its position within the Mid-
European Variscan belt is given in Fig. 1.1.  
Together with the Moldanubian Unit sensu strictu, the Teplá-Barrandian (Bohemicum after 
Malkovský (1979)) composes the Moldanubian part of the Bohemian Massif (Franke, 1989). The 
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Barrandian Basin is defined as the non-metamorphosed Cambro-Devonian part of the Teplá-
Barrandian. It rests unconformably on a basement of anchimetamorphosed Upper Proterozoic 
rocks folded in the Cadomian Orogeny, i.e. 650-550 Mabp (Ziegler, 1986). Locally, metamorphism 
							$	# 		"	Cháb et al. (1995)). 5670	
(1980, 1981) delimited the Ordovician to Middle Devonian part of the Barrandian as the Prague 
Basin sensu strictu from the Proterozoic and Cambrian part of the basin. 
The lower Paleozoic sedimentation cycle ends with flysch deposits of the Srbsko Fm. 
(7 et 
al., 1998). The stratigraphic top of this formation is erosive and has been dated as Lower Givetian 

(7"	89::;	
(7	<	G460"	89::%. Younger sediments occur as patchy remnants of Upper 
Carboniferous to Lower Permian, Upper Cretaceous and Miocene sediments that rest 
unconformably on Lower Paleozoic strata folded in the Variscan Orogeny. No direct evidence of 
the original thickness is present, neither for the youngest Devonian formation, the Srbsko Fm., nor 
for sediments post-dating this Lower Paleozoic sedimentation cycle. However, the maturity stage 
of the Prague Basin indicates that these sediments had a significant influence on the maturation of 
organic matter, as for the centre of the Prague basin an increase of maturity from 0.89% to 2.34% 
VRr equiv							 % 
The tectonic evolution of the Prague Basin is characterised by linear, rift-like depressions that 
originated in the Ordovician and were reactivated several times during the lower Paleozoic 
(5670"	89:8%. The flysch sediments of the Middle Devonian Srbsko Fm. are interpreted as a 
signal of the beginning Variscan Orogeny (Kukal & Jäger, 1988; Kukal, 1994). According to 
5670	 899:%, folding of the Prague Basin occurred in the Late Devonian. The same author 
dates displacement along NW-$			$	*70		G46	%		$$	
to a pre-Westphalian phase. However, a more important role of thrust tectonics in the evolution of 
the Prague Basin has been postulated very recently 5670"	8999;	-	<	5"	 8999;	
1999b). The dating and importance of these thrust tectonics is still discussed very controversially 

(7"	8999%. 
The present day tectonic setting of the Prague Basin is dominated by Variscan folds and NW-SE to 
N-S trending normal and oblique faults. Whereas most faults originated after the Variscan 
Orogeny 
(7"	899=%, some, e.g. the Tobolka Fault near Beroun, have been active already in 
the Lower Paleozoic 5670"	 89:8%. Displacement on faults bordering the Prague Basin is 
>1000 m (e.g. Prague Fault, 1000-8>44	 "	 # 	 "	 88?4	 %	 @-S trending fractures 
associated with a large-scale tectonic framework have been postulated by Zeman & Suchý (1998). 
These fractures are supposed to have a major influence on the circulation of hydrothermal fluids  
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Fig. 1.1: Schematic map of the Barrandian and position within the Mid-European Variscan belt. The Prague 
Basin is defined as the Ordovician to Middle Devonian part of the Barrandian and is the least-metamorphed 
unit of the Moldanubian Zone. Zonation of the Mid—European Variscan Belt adopted from Tait et al. 
(1997), geology modified from 1 : 2 000 000 map, Czech Geological Survey. 
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(Suchý et al., 2000). The recent morphological characteristics of the Prague Basin resulted from 
Tertiary block tectonics induced by the Alpine Orogeny 5670"	899:%. 
 
1.3 Stratigraphic and paleogeographic evolution 
The sedimentary sequence of the Barrandian is divided by an unconformity between very low 
grade metamorphosed Precambrian sediments folded in the Cadomian Orogeny and the overlying 
Lower Paleozoic suite ranging from Lower Cambrian to Middle Devonian 
(7"	 89::;	

(7 et al., 1998). The Barrandian is part of the Bohemian Massif and is located on the 
Armorican microplate, an assemblage of several semi-autonomous microterranes or even 
microplates (Tait et al., 1997). A stratigraphic chart of the sedimentary sequence of the Barrandian 
is provided in Fig. 1.2, the paleogeographic evolution of the Mid-European Variscan fold belt is 
illustrated in Fig. 1.3. 
The P r o t e r o z o i c  is represented by thick siliciclastic series. A subdivision into a prespilitic, 
spilitic and postspilitic phase (Kettner, 1917; Röhlich, 1965) has been replaced by Mašek (1981) 
with a lithostratigraphic subdivision because basic volcanics are not restricted to a “spilitic phase” 
sensu Kettner (1917). Proterozoic, biogenic sediments are represented by black shales and 
stromatolitic chert layers (Pasava, 1989; Fatka & Gabriel, 1991; Pasava et al., 1996). At the end of 
the Proterozoic the siliciclastic series were folded in the Cadomian Orogeny and weakly 
metamorphosed to anchizonal grades (Dudek & Fediuk, 1955; Jakeš et al., 1979; Suchý, unpub. 
Ph.D. Thesis 1991). 
C a m b r i a n  sediments rest unconformably upon the Proterozoic series. This unconformity is 
not always clearly developed. In many outcrops the boundary is marked only as an enlargement of 
cleavage spacing (pers. com. Suchý). In the Lower Cambrian, up to 2000 m thick series of 
conglomerates were deposited in linear graben depressions. Marine influences, indicated by an 
arthropod assemblage typical for a lagoon facies, is proved only for the Paseky shales (
(7"	
1993)	A		-	
			$	2						# -
Jince basin into the Skryje-BC 	 	-	
	 	 	 	 	 	 	 	
diverse cold water fauna of trilobites and other fossils. These fossils are of a Mediterranean 
province in the realm of the Prototethys 5670"	89?8%. Volcanism is reported from all stages of 
the Cambrian, with the peak of volcanic activity occurring at the Cambrian/Ordovician transition 
and b$		 	G46 0(-Rokycany Complex. Its andesites, dacites and rhyolites have been 
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correlated with the break-off of Armorica from Baltica according to recent literature (e.g. Dörr et 
al., 1996a; 1996b; Dörr et al., 1999).  
The beginning of the O r d o v i c i a n  is marked by a stepwise transgression, extending from 
Tremadocian to Llanvirnian time. The entire area of the present Prague Basin was successively 
flooded. In linear graben depressions more than 2000 m of siliciclastic sediments accumulated 
(5670"	 89:4;	 5670"	 89:8%. These sediments rest with angular unconformity on folded 
#					
		B		$			B 	
Fm. are overlain by the quartzites of the Mílina Fm. With the clay-rich Klabava Fm. the facies 
changes to an alteration of sandy shallow water and more fine-grained deep water sediments. 
These changes reflect tectonic as well as global climate events (
(7	<	G460"	89::; Kukal & 
Jäger, 19::;	5670	<	0"	 8993;	D et al., 1993). The onset of separation of Armorica 
from Gondwana is accompanied by basic volcanism and is documented in paleomagnetic data (cf. 
Fig. 1.3 and Tait et al., 1994a; Tait et al., 1995). 
In the Lower S i l u r i a n  a sea level rise shifted the sedimentation to fine-grained graptolitic 
		 	$		 ) 	%	B		 	 	 	 $	 			 		
global warming, accompanied by a melting of polar ice sheets in a greenhouse period (Štorch, first 
IGCP Project 5, p. 21-24). In addition, a drifting of the Armorican terrane into lower latitudes 
enhances this global effect for the area of the Prague Basin (Tait et al., 1994b, cf. Fig. 1.3). Mafic 
submarine volcanism had its climax in the Wenlockian and Ludlowian and was bound to deep-
seated, WSW-ENE-striking fault systems running parallel to the basin axis. The formation of these 
volcanic complexes led to a facies differentiation into a clay-rich deep water facies and shallow 
water carbonate facies 5670	<	D"	8994%. For the volcanic complexes of Svatý Jan and 
Nová Ves emergence above sea level has been proposed G46 '"	 8993%. The paleo-relief of this 
Silurian depositional environment resulted in up-dip fluid flow. In alternated limestones and marls 
	 	 &	  	 #'(	 %	 	 	 	 	Cooksonia, and ?Taeniocarda) occur 
(Horný, 1955; G46 '"	8993%. 
In the D e v o n i a n  the carbonate trend of the Middle and Upper Silurian is continued. The 
development of reef build-ups in a shallow water facies reached its maximum in the Pragian of the 
G46 		2	B						ostratigraphically and can be correlated 
to other areas because of its open-marine position in a Prototethys realm. The international 
stratotypes of the Pridolian (Upper Silurian), Lochkovian, Pragian and Zlichovian (Lower 
Devonian) are defined in this “Hercynian” facies of the Prague Basin 
(7"	 89::%. Several 
incisions in the sedimentary record mark global events 
(7"	899E%. The youngest sediments 
preserved from the Lower Paleozoic are the turbiditic flysch sediments of the Srbsko Fm. Kukal & 
8  
Jäger (1988) have stated there is a causal relationship between this siliciclastic signal and the 
beginning of the Variscan Orogeny, whereas Oczlon (1990, 1992) has related the sedimentation of 
the Srbsko Fm. with conturites on the Southern margin of Laurussia. The stratigraphic top of the 
Srbsko Fm. is erosive and has been dated as Lowermost Givetian. The original thickness of the 
Srbsko Fm. is not known (Chlu(7"	899=%. A continued sedimentation of Devonian sediments up to 
the Lowermost Carboniferous and subsequent burial of the strata preserved up to present day is 
considered as a possible reason for the thermal maturation of Lower Paleozoic strata of the Prague 
Basin. 
P o s t - D e v o n i a n  sediments rest with an angular unconformity on Cambro-Devonian 
sediments. U p p e r  C a r b o n i f e r o u s  a n d  L o w e r  P e r m i a n  s e d i m e n t s  
were deposited in fluvial and lacustrine basins associated with continental rift basins. The clastic 
detritus of these sediments was transported from the S, SE and NW (Pešek & et al., 1998). 
Marginal parts of this Upper Carboniferous and Lower Permian cover are built of a piedmont and 
proluvial facies. In the area of Plze "	 F	 	  C"	 	 -day thickness of Upper 
Carboniferous and Lower Permian sediments exceeds 1000 m. Maturity values in this basins at the 
marginal part of the Barrandian area range between 0.5 and 0.9% vitrinite reflectance (VRr) 
(Šafanda et al., 1990). These values can not be explained by the thicknesses of strata as recorded 
to present-day. The original thickness of Upper Carboniferous and Lower Permian sediments is not 
recorded. The thickness of Permocarboniferous sediments in the area of the Prague Basin is not 
known. A deposition of thick, Upper Carboniferous and Lower Permian strata, coupled with an 
increased heat flow associated with continental rift basins could also have had a significant 
influence on the thermal evolution of the Prague Basin. 
C r e t a c e o u s  sediments in the area of the Prague Basin are preserved as patchy remnants of a 
once continuous cover of marly shales and calcareous sandstones. These sediments have been 
deposited in a marginal position of the Northern Bohemian Cretaceous Basin. Near Mlada 
Boleslav, in the depocentre of the basin, up to 500 m of Cretaceous sediments are preserved. 
However, thicknesses in the area of the Prague Basin are much lower due to its marginal position. 
While the average thickness of preserved Cretaceous is 12-15 m, thicknesses up to 100 m are 
reported in isolated karst depressions (Zelenka, 1981). T e r t i a r y  sedimentation is related with 
block tectonics in the area of the Prague basin that resulted in an intense uplift of the Bohemian 
Massif 5670"	899:%. The thickness of these patchy occurrences of terrestrial sediments does 
not exceed 60 m (
(7"	899=). 
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Fig. 1.2: Stratigraphic column of the Prague Basin. 
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Fig. 1.3: Paleogeographic reconstruction of plates and terranes incorporated in Variscan fold belt, modified 
from Tait et al. (1997). Location of the Prague Basin on the Armorican microplate is indicated with a star. 
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1.4 General concepts of the geological evolution post-dating the deposition of 
the Srbko-Fm. 
The stratigraphic record of the Paleozoic sedimentation cycle of the Prague Basin ends with the 
deposition of the flyschoid Srbsko Fm. (Lowermost Givetian, Middle Devonian). Its stratigraphic 
top has been eroded and the original thickness of the Srbsko Fm. is not known (Kukal & Jäger, 
89::;	 *"	 8994;	 
(7 et al., 1998). Younger strata of Paleozoic age, i.e. 
Permocarboniferous strata, are preserved only in patchy occurrences within the Prague Basin 
(Pešek et al., 1998) and in Permocarboniferous basins surrounding the Prague Basin (e.g. Kladno 
,"	 # 	 ,%	 B	 #	 	 	 	 	 	 	
Precambrian rocks of an anchimetamorphic stage (Svoboda et al., 1966; 
(7"	899=; Walter, 
1992). The remnants of a Mesozoic cover of Upper Cretaceous sandstones, limestones and marls 
are still preserved in the Prague Basin. The original thickness of this cover cannot exceed 200 m 
based on paleogeographic maps (Ziegler, 1982) and regional geological information (Zelenka, 
1981). 
The coalification gradient within the 2712.4 m deep borehole Tobolka-1 situated in the centre of 
the Prague Basin increases from 0.89% (Zlíchov Fm., Lower Devonian) to ~2.34 % VRr equiv (Letná 
Fm., Middle Ordovician, cf. Fig. 7.8). This elevated maturity stage of the youngest Devonian 
sediments in the Prague Basin can only be explained by assuming a burial phase that is not 
preserved in the present-day sedimentary record. From the over-all geological framework of the 
Prague basin, three possible events could have contributed to the observed coalification pattern:  
i) Continuous sedimentation post-dating the preserved stratigraphic record ending with the 
deposition of the Srbsko Fm. dated as early Givetian (Kukal & Jäger, 1988). This 
continuous sedimentation could have continued up to the Lower Carboniferous and is 
ended by the folding of strata deposited in the Lower Paleozoic sedimentation cycle in the 
Variscan Orogeny. 
ii) Deposition of Upper Carboniferous and Lower Permian terrestrial sediments in graben 
structures induced by a rift stage of the post-Variscan taphrogenic stage (Pešek et al., 
1998) and eroded during the subsequent uplift history of the Prague Basin. In addition, 
elevated heat flow values - typical for taphrogenic stages - have to be assumed for this 
geological scenario. 
iii) Burial of Lower Paleozoic strata under nappes thrusted over the Prague Basin (Hav670"	
1999; Melichar & Hladil, 1999a; 1999b). This concept of burial induced by thrust 
tectonics was popular at the beginning of the 20th century (for historical review of 
12  
concepts, see Melichar & Hladil, 1999a) and has been reactivated very recently 5670"	
1999; Melichar & Hladil, 1999a; 1999b). And the moment is still discussed very 
controversially 
(7"	8999%. 
Special attention has been drawn to these three possibilities for the post-Givetian geological 
evolution of the Prague Basin because the numerical simulation presented in Chapter 7 of this 
thesis seeks to determine which is most realistic. 
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2. Samples and methods 
2.1 Samples 
Three different types of samples were investigated in the study at hand: Possible source rocks, 
bitumens and crystals containing petroleum inclusions. Source rock samples in the Prague Basin 
come from outcrops, the deep borehole Tobolka-1 that is situated in the central part of the Prague 
Basin and from the research borehole Klonk-1 penetrating the Silurian – Devonian boundary 
sequence of the stratotype Klonk. The stratigraphic age of the samples extends from the Middle 
Ordovician Letná Fm. to the Middle Devonian Srbsko Fm. Bitumens and crystals containing 
petroleum inclusions come from 18 different outcrops that are located in the Silurian and Devonian 
part of the Prague Basin. These samples were collected together with Vacláv Suchý, the Czech co-
ordinator of the project “Barrandian Basin” during a field campaign in April 1997. The suite of 
 
Fig. 2.1: Sketch map of the Prague Basin with location of the investigated outcrops and wells. 
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samples containing petroleum inclusions was added with crystals collected previously by Vacláv 
Suchý. In all localities with bitumen occurrences, also crystals containing petroleum inclusions 
were available. The location of the investigated outcrops and wells can be taken from Fig. 2.1, a 
tabulated summary of the analysed samples is provided in Tab. 2.1. At this place, only a brief 
overview on the number and type of samples is given, a detailed description of the individual 
samples is provided in the respective Chapters 3 (source rocks), 4 (bitumens) and 5 (petroleum 
inclusions). 
 
2.2 Petrographic analyses 
P r e p a r a t i o n  o f  t h i n  s e c t i o n s :  
Thin sections were prepared at the Institute of Paleontology, University of Erlangen-Nürnberg. 
Prior to sample mounting the rocks were impregnated in coloured epoxy-resin in an under-
pressured impregnation chamber. Blue epoxy resin staining of the open pore space facilitated the 
estimation of present-day porosity. Together with additional thin sections provided by Václav 
Suchý these thin sections have been used to characterise the microfacies and the diagenetic 
evolution of host rock samples and to determine the relative timing of cementation, veining and 
bitumen emplacement. 
 
P r e p a r a t i o n  o f  t h i c k  s e c t i o n s  f o r  f l u i d  i n c l u s i o n  s t u d i e s :  
Doubly polished thick sections were prepared using two methods. At the Technical University of 
Clausthal, a low speed water-cooled saw was used for sectioning in order to avoid artificial effects 
Tab. 2.1: Overview of investigated samples. 
Source Rocks Bitumens Petroleum inclusions 
• Five outcrop samples from 
Silurian and Devonian strata 
• 42 samples from the deep 
borehole Tobolka-1 ranging 
from the Middle Ordovician 
Letná Fm. to the Lower 
Devonian Zlíchov Fm. 
• 11 samples from the shallow 
borehole Roblín-1 
• 17 localities with bitumen 
occurrences 
• 26 bitumen subfractions that 
were studied separately in 
geochemical investigations 
• 47 different crystal types, i.e. 
quartz, calcite and saddle 
dolomite crystals with different 
crystal habits and different 
paragenetic settings, collected 
from the same 17 outcrops as the 
bitumens 
 
Samples and methods 15 
 
on microthermometrical fluid inclusion data. Wafers were fixed on glass slides with a special 
epoxy resin soluble in organic solvents following standard procedures. At FZ Jülich, a new, more 
simple and faster technique was used. The crystals were mounted with a special wax (Logitech 
wax®) on glass slides that were heated on a heating block to approximately 70°C. Cooling to room 
temperature hardens the wax. For sample preparation the wafers can be removed and re-mounted 
easily from the glass slides for microthermometrical measurements or the polishing of opposed 
sides simply by re-heating it. 
 
M i c r o s c o p i c  a n d  m a c r o s c o p i c  o b s e r v a t i o n s  o n  t h i n  s e c t i o n s  a n d  f l u i d  
i n c l u s i o n  s a m p l e s :  
Microscopy of thin sections and fluid inclusion samples was carried out using a ZeissTM Axiophot 
microscope equipped with 2.5, 5, 10, 20, 50 and 100 long distance air objectives and oculars with a 
magnification factor of 10. The microscope was equipped for qualitative fluorescence microscopy 
(light source high pressure mercury vapour lamp, exitation filter 362 nm, barrier filters 535 nm). In 
addition, accurate drawings, especially important for the documentation of phase transitions in 
individual fluid inclusions (homogenisation, eutectic and melting temperatures) were made by 
means of an intertubus stage which allowed to project the drawing paper into the microscopic 
view.  
For microthermometrical measurements a LinkhamTM heating- cooling stage THMS 600 interfaced 
with a TSM 90 programmable controlling stage was used. The sample cell was modified with an 
optional shaft seal for the analysis of crystals >1.5 mm. Measurements were carried out on doubly 
polished thick sections (thickness 100 µm) as well as on untreated quartz crystals. The stage was 
calibrated against chemical standards listed in Roedder (1984) and in the handbook of the THMS 
600 controller stage. Deviation of measurements was less than 1°C for the determination of 
homogenisation temperatures.  
16  
 
2.3 Organic geochemical analyses 
B u l k  p a r a m e t e r s :  
Potential source rock samples were ground and homogenised using a RetschTM disc mill. Samples 
(10-100 mg depending on the expected TOC content) for the determination of TOC content were 
wetted with ethanol and then carbonate was removed by a treatment with 25% hydrochloric acid. 
Their content of organic carbon (TOC) was determined using a LecoTM CS 225 element analyser. 
Combustion was in oxygen at 2000°C, carbon was recorded as CO2 on a infrared detector. Total 
carbon (TC) and total sulphur (TS) was determined on the same instrument but without previous 
treatment with hydrochloric acid. Inorganic carbon content was determined from the difference 
between total and organic carbon. The carbon content fixed in carbonates was calculated using the 
relative molar weight distribution (e.g. calcite TCinorg * 8.33; dolomite TCinorg * 7.66). All values 
are means of double determinations. 
A Rock Eval II® instrument from DelsiTM was used for predicting bulk petroleum generation 
characteristics of source rocks (Espitalié et al., 1977). S1 (mg HC/g rock) was recorded as the 
thermal extract of hydrocarbons (HC) liberated at a hold temperature of 300°C for 10 min. The 
residual organic matter was pyrolysed between 300 and 550°C at a heating rate of 25°C/min, the 
hydrocarbons yielded at this stage being determined as S2 (mg HC/g rock). Thermally extracted 
organic matter (S1, mg/g rock) and the pyrolysis products produced during the heating of the 
sample (S2, mg/g rock) were detected on a flame ionisation detector (FID). CO2 liberated up to 
390°C was held in a molecular sieve trap until the pyrolysis was completed. It was then released 
and quantified as S3 (mg CO2/g rock) using a thermal conductivity detector (TCD). S2 and S3 
values are normalised vs. TOC to form hydrogen (HI) and oxygen indices (OI). All values are 
means of double determinations and have been calibrated on an international standard distributed 
by the Institute Française du pétrole (IFP 55000). 
 
O p e n  s y s t e m  p y r o l y s i s  –  g a s  c h r o m a t o g r a p h y :  
Open system pyrolysis – gas chromatography was performed on kerogen concentrates in order to 
make a more detailed characterisation of organic matter in potential source rocks. Kerogen 
concentrates were prepared by the Houston Advanced Research Centre (HARC). Pyrolysis was 
carried out using a system described by Muscio & Horsfield (1996). Samples were weighed into a 
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glass vessel and inserted into a heating stage, residual free hydrocarbons were vented purging with 
helium at a temperature of 300°C for five minutes. Subsequent pyrolysis was carried out with a 
heating ramp of 50°C/min from 300°C to 600°C (hold 2 min). Pyrolysates were trapped in a 
cryogenic trap and liberated after 10 min with a split (1:15) into the GC. The GC (HP5890 S-II) 
was equipped with a fused silica column HP1 (length 25 m, i.d. 0.3 mm, dimethylpolysiloxane film 
0.5 µm), and the oven temperature was raised from 40°C to 300°C (5°C/min, hold 25 min, helium 
flow 2 ml/min). 
 
E x t r a c t i o n  a n d  f r a c t i o n a t i o n :  
Naturally occurring bitumens were separated from their adjacent host rocks at the Institute for 
Paleontology, University of Erlangen-Nürnberg using a mechanical device usually used for the 
preparation of fossils (“Vibrotool® ”). The bitumens were extracted with a azeotropic mixture of 
acetone, methanol and chloroform (36.5 : 28.8 : 34.6 vol%) over 24h in a Soxhlet system. Ground 
source rocks were extracted with the same blend of organic solvents using a modified extraction 
cell described in Radke et al. (1978). After filtration using a micro-porous membrane filter, the 
extract was concentrated by removing solvent in a rotary system (Turbovap®). Both source rock 
and bitumen extracts (up to 160 mg) were fractionated into compound classes using liquid 
chromatography (Willsch et al., 1997). Internal standards were added to the aliphatic (5α-
androstane) and aromatic (mixture 32.9 : 25.2 : 16.6 : 8.7 : 8.3 : 8.3 wt% of 1-phenylhexane, 1-
phenylheptane, 1,8-dimethylnaphthalene, 1-phenylnaphthanlene, 1-ethylpyrene and 1-butylpyrene) 
fractions for quantification. Two hydrocarbon fractions (aliphatics and aromatics) and five 
heterocompound fractions were recovered. These heterocompound fractions are acids, bases, high 
polar compounds, medium polar compounds, and low polar NSO-compounds fraction. A scheme 
of the analytical setting is given in 2.2. 
 
G a s  c h r o m a t o g r a p h y :  
Gas chromatography (GC) of the aliphatic fraction was measured on a Hewlett & PackardTM (HP) 
5890B gas chromatograph equipped with an on-column injector, electronic pressure control system 
(EPC), an Ultra 1 fused silica capillary column (length 50 m, i.d. 0.2 mm, coated with 100% 
methylsilicone, 0.33 µm film thickness) and an FID. Hydrogen was used as carrier gas (pressure 
18  
1.6 bar, 1 ml/min). After a hold of 4 min at 90°C the GC was heated to 310°C (3°/min, hold 50 
min). 
GC analyses of the aromatic fraction were carried out on a HP 5890B instrument equipped with an 
on-column injector, EPC, a BPX5 fused silica capillary column (length 50 m, i.d. 0.15 mm, coated 
with 5% phenyl (equiv) polysilphenylene-siloxane, film thickness 0.25 µm) and a dual detector 
(FID and a sulphur-sensitive HALLTM detector). Carrier gas was helium with a flow rate of 0.76 
ml/min and a pressure of 4.4 bar. After a hold of 4 min at 90°C the GC was heated with 50°C/min 
to 120°C (hold 1 min), and then to 310°C with a temperature ramp of 3°C/min. 
CH3OH
CH3OH
CH2Cl2 +
 1% CHO2H
CH2Cl2 + 1% CH3OH
precolumn 1
precolumn 2
precolumn 3
main column
SiO2
extract
petroleum
SiO2
HCl
SiO2
KOH
SiO2
SiO2
KOH
acids
MPLC
medium polar
NSO-compounds
high polar
NSO-compounds
bases
aliphatics
low polar
NSO-compounds
aromatics
 
Fig. 2.2: Schematic sketch of the liquid chromatographic fractionation system, modified after Willsch et 
al. (1997). 
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GC analyses of unfractionated “crush-under-solvent” extracts from crystals containing petroleum 
inclusions were performed on a HP 5890B equipped with a Ultra 1 fused silica capillary column 
(length 50 m). The GC was equipped with a FID, and carrier gas was hydrogen (pressure of 1.7 
bar). After a hold of 2 min at 90°C the GC was heated to 310°C (4°C/min, hold 60 min). 
 
G a s  c h r o m a t o g r a p h y  –  m a s s  s p e c t r o m e t r y  o f  b i t u m e n  a n d   
s o u r c e  r o c k  e x t r a c t s :  
GC-MS analyses were carried out on a HP 5890B GC interfaced with a FinniganTM MAT95SQ 
mass spectrometer as well as with a VarianTM 3100 GC coupled with a MagnumTM ion trap mass 
spectrometer. Full scan measurements were acquired for m/z=50-600 at a scan rate of 0.74 sec per 
decade, scanning speed was increased exponentially towards higher masses. In both systems a 
BPX5 fused silica capillary column (length 50 m) was used. Carrier gas was helium (1 ml/min, 
EPC). A programmable cold injection system GerstelTM KAS was used. Ionisation energy was  
70 eV, source temperature was 260°C and 220°C (Finnigan MAT95SQ and Magnum ion trap, 
respectively). Both electron impact (EI) and chemical ionisation (CI) modes (ionisation gas 
isobutane) were emplaced. 
Biomarkers in the aliphatic fraction were measured in EI mode with a GC oven heating rate of 
3°C/min rising from 110°C to 340°C on both the Magnum and the FinniganTM system. To increase 
the signal/noise ratio and for a better peak identification multiple metastable reaction monitoring 
(MRM) was performed. A low polar NSO-fraction, in which the compound classes of the 
carbazoles (m/z in EI-mode: 167, 181, 195, for carbazole, C1 and C2 carbazoles; m/z 217 for 
benzocarbazoles) and fluoren-9-ones (m/z in EI-mode: 180, 194, 208 for fluoren-9-one, C1 and C2 
fluoren-9-ones; 230 for benzofluoren-9-one) can be found, was also analysed on both systems. 
Quantification of compounds was made in CI mode using the Magnum system. Peak identification 
was verified with measurements in the EI mode on the FinniganTM system. In selected samples the 
free bases as well as free and derivatised medium polar compounds were measured in the EI mode 
on the FinniganTM system. Derivatisation of alcohols in the medium-polar NSO fraction was 
carried out by a 99:1 mixture of BSTFA (N,O-bis(trimethylsilyl)trifluoroacetamide) and TMCS 
(trimethylchlorosilane), distributed as Silyl-991 (Macherey & Nagel, Düren) at a temperature of 
60°C over 30 min with a surplus of agent 10:1. 
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A n a l y s i s  o f  o r g a n i c  c o m p o u n d s  i n  f l u i d  i n c l u s i o n s :  
Online analysis was performed in a system very similar to that described by Jochum (1995) and 
Ruble et al. (1998) using a QuantumTM MSSV-2 thermal analysis system (Fig. 2.3). This is similar 
to the system used for the analysis of micro-scale sealed vessels (Horsfield et al., 1989). 30-100 
mg crystal(s) were cleaned twice with dichloromethane and weighed into a cleaned, stainless steel 
liner. The steel liner was inserted in a crushing stafge mounted on a HP5890 S-II gas 
chromatograph. The GC was equipped with a fused silica column HP1 (length 25 m, i.d. 0.3 mm, 
dimethylpolysiloxane film 0.5 µm). To avoid any contamination with organic matter adsorbed on 
the surface of the crystals, the samples were purged in a helium flow at 175°C. After 10 min at this 
temperature, the helium flow was directed into a cryogenic trap cooled with liquid nitrogen. The 
temperature was raised to 300°C, the crystals were crushed with a metal plunger and the liberated 
volatile compounds were flushed into the cryo-trap. After 10 min the trap was heated and the 
liberated organic compounds were analysed using gas chromatography, using a temperature 
programme from 40°C (hold 13 min) to 300°C (ramp 5°C/min, hold 35 min, helium flow 30 
ml/min, flow controlled with variable pressure, split 1:15). 
Selected samples were also analysed on a FisionsTM GC 8000 equipped with a QuantumTM  
MSSV-2 thermal analysis unit and interfaced with a FisonsTM mass spectrometer (MD800, 
FID or
MSD
He2lowering rod
cleaned crystals
cryo-trap with N2
plunger
steel sieve
stainless steel liner
flame ionisation or
mass spectrometric
detector
25 m fused
silica column
 
Fig. 2.3: Schematic sketch of the closed system used for the decrepitation and thermal extraction of 
petroleum inclusions. This system for the analysis of petroleum inclusions has been modified from a 
similar system used for the “MSSV type” determination of source rock kinetics (Horsfield et al., 1989). 
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ionisation energy 70 eV, source temperature 250°C). GC-conditions were modified in this system 
to increase the signal/noise ratio of the measurement (ramp 5°C/min, hold 35 min, helium flow 6 
ml/min, splitless). However, the resolution of this mass-selective analysis was suitable only for the 
peak identification of light-weight compounds <~150 amu, the expected analysis of biomarkers 
and higher aromatic compounds (naphthalenes, phenanthrenes, fluorenes etc.) was hampered by 
the low sensitivity of this system. 
To overcome this problem, crush-under-solvent extracts were prepared for the analysis of higher 
molecular compounds. After a test series with different organic solvents dichloromethane was 
chosen to clean the surfaces of the crystals prior to crushing. Samples were extracted in 
dichloromethane three times in a ultrasonic water bath. The use of chromic acid for sample clean 
up, as suggested by Karlsen et al. (1993), is inhibited by the carbonate mineralogy of many of the 
samples. The thoroughly cleaned calcite and quartz crystals were crushed in a cleaned agate mortar 
under dichloromethane. The solvent volume was reduced in a rotary evaporator (Tubovap®), the 
whole oil extracts analysed on the FinniganTM GC-MS system in full scan EI mode (fused silica 
column BPX5, length 50 m, 40-600 amu). The GC temperature was raised from 60° to 340°C with 
3/min (hold 10 min). Samples containing biomarkers were remeasured in the MRM-GC-MS mode 
for a more accurate quantification of compounds. Samples and detailed results from the analysis of 
CUS extracts are provided in Appendix N. 
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3. Source Rocks 
Although so far no economic accumulations of hydrocarbons are known in the Prague Basin, the 
occurrence of bitumens, i.e. residual oils, and petroleum inclusions prove the generation and 
migration of hydrocarbons. Numerous candidates for possible source rocks exist within the Prague 
Basin. Black shales and bituminous limestones are especially abundant in the Silurian, but are also 
intercalated in the carbonates of the Devonian 
(7"	899=; 
(7 et al., 1998). In addition, a 
multitude of black shale horizons can be found in Ordovician, Cambrian and Proterozoic strata. 
These intervals are frequently correlated with global events reflecting sea level high stands and 
global warming 
(7"	 89::%. In the current study, six representative outcrop samples, 42 
samples from the deep borehole Tobolka-1 and 11 samples from the shallow borehole Roblín were 
investigated to assess the source rock quality of suspected Devonian, Silurian and Ordovician 
source rock formations in the Prague Basin. The location of outcrop samples and wells is given in 
Fig. 2.1, the stratigraphic position of the investigated formations is evident in Fig. 3.1. 
The quality of organic matter (OM) in sedimentary rocks changes progressively with increasing 
maturity (Tissot & Welte, 1984, p. 515). Therefore, possible source rocks have to be studied in the 
least metamorphic stage to assess the initial quality of OM. An interpolation to the initial source 
rock quality is difficult from analyses of mature rocks. Silurian and Devonian outcrop samples 
were chosen from areas with the lowest thermal maturity based on illite crystallinity data (Suchý & 
Rozkošný, 1994). In addition to this Devonian and Silurian outcrop samples, samples from the 
Lowermost Devonian, the Silurian and Ordovician were obtained from the boreholes Tobolka-1 
and Roblín-1 (cf. Fig. 2.1). Possible Lower Ordovician and Cambrian source rock strata were not 
investigated in this study, as occurrences of migrabitumen are restricted to the central part of the 
Prague Basin and samples from strata predating the Middle Ordovician Letná Fm. are not available 
for that part of the basin.  
 
 
3.1 Quantity of organic matter 
The amount of organic carbon is one of the basic parameters for the assessment of hydrocarbon 
potential of possible source rocks. Though this richness in organic carbon does not allow the 
potential to generate oil and gas to be assessed per se, a certain threshold value is essential for the 
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efficient generation and expulsion of hydrocarbons. In addition, this threshold value is dependent 
on the lithology of possible source rocks and on the type of OM. In general, a minimum content of 
ca 0.5% total organic carbon (TOC) is assumed for immature clastic rocks, whereas carbonate 
source rocks appear to require less, e.g. 0.3% TOC (Tissot & Welte, 1984, p. 497; Hunt, 1996, p. 
353 ff). 
The TOC content of sedimentary rocks is dependent on the input and the preservation degree of 
OM. With the exception of raised peat bogs all sediments rich in organic matter have been 
deposited in subaquatic environments (Littke, 1993). The degree of organic matter preservation is 
closely dependent on the oxygen content both of the water column and the shallow sediment 
subsurface. This oxygen content is related to the water current regime and the flux of organic 
matter entering the sediment. In general, sediments deposited in low energy, stagnant water 
environments are more fine-grained than sediments deposited in high energy water environments 
and have higher TOC contents (Hunt, 1996, p. 325, and examples therein). In outcrop conditions 
weathering can influence the amount and quality of OM (Littke et al., 1991). 
Most of the tested strata from Middle Devonian to Middle Ordovician bear enough TOC (0.70 - 
2.40 %) to have generated petroleum. TOC contents of all samples analysed in this study are listed 
in Appendix D. A chart with lithologies and TOC histograms of the investigated possible source 
rocks is given in Fig. 3.1. It is known that the maturity levels are overall high, ranging between 
0.75% VRr equiv (Srbsko Fm., Middle Devonian, pers. com. Václav Suchý) and 2.34% VRr equiv 
)(		&	*%				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thermal maturation of OM may have been significantly higher than the values observed today, as 
TOC values decrease during thermal maturation due to the expulsion of hydrocarbons (Cooles et 
al., 1985). This phenomenon has been documented in the literature. For example, TOC contents of 
Toarcian shales of the Hils syncline (Northern Germany) have been reported to decrease from 
10.6% to 6.1% as VRr increases from 0.48 to 1.45% VRr (Rullkötter et al., 1988; Mann et al., 
1990), and the TOC of Tithonian source rocks in the Sonda de Campeche (Gulf of Mexico) 
decreases from 5.0 to 1.5% as maturity increases from 0.35 to 1.29% VRr (Santamaría-Orozco et 
al., 1995). 
In D e v o n i a n  strata, only the Lower Lochkov Fm. (mean=1.24% TOC, max=3.42%, n=60, 
with 58 data from Herten (2000)), the calcareous tentaculite shales of the Daleje Fm. (0.98% TOC, 
n=1) and fine-grained intercalations in the flysch deposits of the Srbsko Fm. (0.33% TOC, n=1) 
have significant source rock potential. The Srbsko Fm. is the one and only formation in the Prague 
Basin were OM is dominated by debris from very early, primitive land plants visible to the naked 
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eye 
(7 et al., 1998). The micritic, bedded limestones of the Zlíchov Fm. and the Dvorce-
Prokop Fm. have also been screened on their TOC content. The richness of these formations is 
low, though some measurements of samples of the Zlíchov Fm. yielded values up to 1.09% TOC 
(mean 0.46% TOC, n=12). Values >0.8% TOC are associated with tectonic planes or stylolitised, 
  
 
Fig. 3.1: Stratigraphic chart of the Prague Basin with histograms of TOC values determined on samples 
from possible source rock horizons. From the analysed source rock samples 12 samples have been 
selected for extraction and subsequent geochemical characterisation of soluble organic matter. 
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nodular sections. However, the underlying limestones of the Dvorce-Prokop Fm. show maximum 
values of 0.34% TOC only with a mean value of 0.17% (n=4).  
The highest TOC contents are found in S i l u r i a n  strata (also see Herten (2000) and 
Kranendonck, (2000))	-	 			 		 	#'(			2	
values up to 2.62% (mean 1.83%, n=60). Limestone beds contained significantly less TOC with a 
mean content of 0.42% (n=59). Calcareous, shaly interbeds of the Kopanina Fm. yielded maximum 
			34:G"			B*
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limestones beds in the research borehole Klonk-1 mean TOC values of 0.31% (n=24) have been 
determined (Kranendonck, 2000). TOC measurements on	 	 	 	 	 ) 	 	
yielded values up to 2.41% TOC (mean=2.06, n=2), the lithology is more homogeneous that in the 
$	$	G46		#'(		 
While mean TOC values are generally low in the O r d o v i c i a n , numerous horizons bear 
enough TOC to have generated and expelled petroleum (Fig. 3.1). The highest mean TOC contents 
have been found in the adjacent Vinice and Letná Fm. with values of 0.88 and 0.85%, respectively. 
In the Letná Fm. maximum values of 1.61% have been determined. High TOC values for Middle 
Ordovician formations are noteworthy, as these formations also have the highest maturity of the 
analysed set of samples. From dark siltstones of the Zaho 	"	 			4?:G	B*
	
	 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below 0.30% (n=7), only from two samples higher values have been determined (0.78 and 2.30%). 
A maximum value of 2.30% can therefore not be seen as representative for the general richness of 
	G46 	 		$					0		 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Fm., all of these samples yielded TOC values <0.40% (mean 0.20%). 
Mean TOC values determined on outcrop samples and on samples of the borehole Tobolka-1 are 
not representative for the general TOC distribution of the specific stratigraphic units as a whole. 
The sampling strategy was biased, focussing on organic-rich layers in order to obtain calibration 
data from organic petrology and subsequent organic geochemical analyses. However, detailed 
information is available on the Silurian – Devonian boundary sequence (Lowermost Lochkov Fm.– 
Uppermost Kopanina Fm.) from extensive screening in the research borehole Klonk-1 (Herten, 
2000; Kranendonck, 2000). Their study investigated the richness and quality of organic matter in 
both carbonates and interbeds. Though the TOC values determined in the limestone beds of this 
section are significantly lower than TOC values determined in marly interbeds, mean TOC are still 
elevated especially for the lowermost Lochkov Fm. (0.38%, n=68), the Po'(	4E3G"	H>9%		
the Uppermost Kopanina Fm. (0.31%, n=24). In addition to the author’s own measurements on 
outcrop samples and samples from the borehole Tobolka-1, these values have been considered for 
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the assessment of TOC values in the formations as a whole. For other stratigraphic units, 
corrections for organic-lean sandy and calcareous layers have been estimated. Based on this 
correction and the maturity dependency of TOC contents observed by Rullkötter et al. (1988) and 
Mann et al. (1990), initial TOC values for basin modelling have been extrapolated (cf. section 
7.4.1, Tab. 7.2). 
R é s u m é :  
A variety of possible source rocks bear enough TOC to have generated petroleum. Highest TOC 
values can be found in the marly in			&	 	#'(		"		
				3IG	B*
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values up to 2.4% TOC and only few organic-lean sections). The TOC content of Devonian strata 
is	$	"		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Fm. Close to the Silurian/Devonian boundary up to 2.5% TOC have been determined in this 
formation. In addition, numerous organic-rich layers with TOC contents up to 2.3% have been 
found in Ordovician strata. However, the assessment of original TOC values predating the 
maturation of OM and the determination of bulk TOC values for stratigraphic units as a whole is 
difficult especially in Ordovician formations due to the advanced maturity of the investigated 
samples and a biased sampling strategy focussed on organic-rich layers. 
 
3.2 Quality of organic matter 
The quality of organic matter (OM) has a decisive influence on the hydrocarbon potential of 
possible source rocks. The most important factor controlling the quality of organic matter is the 
atomic hydrogen-to-carbon content. This hydrogen-to-carbon together with the oxygen-to-carbon 
content is used to classify the insoluble portion of OM, i.e. the kerogen, into four different types 
(Van Krevelen diagram in Hunt, 1996, p. 335). The quantity of generated and expelled petroleum 
increases as the hydrogen content increases (Hunt, 1996, p. 329). Sapropelic source rocks 
containing type I and type II kerogens are rich in macerals of the hydrogen-rich liptinite group, 
whereas the type III and type IV kerogens are rich in humic macerals of the vitrinite and inertinite 
group. The hydrogen content of these macerals is lower due to a higher relative abundance of 
condensed aromatic and oxygen-containing structures (Tissot & Welte, 1984, p. 159). The 
depositional environment of sapropelic source rocks are subaquatic, marine or lacustrine muds 
deposited in an- or dysoxic environments. Organic matter from humic source rocks is of terrestrial 
or recycled origin, has been oxygenated in the water column or has been oxygenated near the 
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sediment-water interface, as the depositional environment of these source rocks is situated in sub-
oxic or oxic conditions (Hunt, 1996, p. 114). 
 
3.2.1 Rock Eval pyrolysis 
Rock Eval pyrolysis is a rapid screening method for kerogen typing and maturity assessment 
(Espitalié et al., 1977). A kerogen typing is based on the relative amount of hydrogen-rich and 
oxygen-containing pyrolysis products. Kerogen from algae is rich in aliphatic moieties (Tissot & 
Welte, 1984, p. 505). This hydrogen-rich so-called type I kerogen is highly oil-prone and generates 
most of its hydrocarbons over a narrow maturity range. Type III kerogens contain aromatic and 
hetero-structures, are relatively oxygen rich at low maturity levels and are chiefly gas-prone (Hunt, 
1996, p. 349). The maturity spectrum of petroleum generation is much wider due to the 
heterogeneous structure of the kerogen. Typically, type III kerogen originates from terrestrial 
organic matter. However, also an oxygenation of type I and II OM in the water column or 
reworking of OM on the sediment surface must be considered for the deposition of type III kerogen 
(Mayer, 1993; Wakeham & Lee, 1993). The bulk chemical composition of type II kerogen is 
intermediate between type I and type III, the typical depositional environment of this kerogen type 
is algal marine (Tissot & Welte, 1984). 
For kerogen typing a cross plot of hydrogen index (HI) vs. oxygen index (OI) can be used. This 
plot is similar to the “van Krevelen diagram” of atomic H/C vs. atomic O/C ratios (Espitalié et al., 
1985; Espitalié et al., 1986). However, kerogen typing based on a HI vs. OI plot has two major 
practical limitations:  
i) HI and OI values of kerogens decrease with thermal maturity and do not plot in 
characteristic fields of the diagram at maturity levels >1.2% VRr, as all samples regardless 
of their original kerogen type tend to zero (Espitalié et al., 1985). 
ii) HI values of organic-poor samples usually show lower HI and higher Tmax values than their 
isolated kerogens. This is most pronounced in clay-rich samples. OI values can be altered 
by the thermal destruction of carbonates and oxygenation of OM by weathering effects. 
The dependency of Rock Eval data on the mineral matrix is referred to as “mineral matrix 
effects” (Peters, 1986; Dembicki, 1992).  
Because HI and OI values are often erroneous in samples lean in OM, Langford & Blanc-Valleron 
(1990) have suggested a graph of S2 vs. TOC to determine HI values more accurately. The slope in 
the regression curve provides a more reliable HI value. In addition, the intercept of this regression 
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line with the S2 axis provides information on the sorption capacity. A similar approach has been 
suggested by Katz (1984) and Katz & Elrod (1983) for Tertiary samples from DSDP Site 535 
(Gulf of Mexico) and DSDP Site 467 (offshore California).  
The temperature, at which the generation of hydrocarbons reaches its maximum during Rock Eval 
pyrolysis (Tmax of S2) depends on the thermal maturity and on the type of OM. Whereas the 
sensitivity of Tmax values from hydrogen-rich type I kerogen is low, Tmax values of oxygen-rich type 
III organic matter strongly depend on the thermal maturity of the sample (Espitalié et al., 1985). 
Therefore, for a transformation of Rock Eval Tmax data into VRr equiv values, a proper assessment of 
the type of OM is of crucial importance. 
Multiple S2 peaks can cause problems for the proper determination of S2 and Tmax. The thermal 
extractability at 300°C depends on the vapour pressure of the extracted compounds. Therefore, 
especially polar compounds and compounds with a high molecular weight will elute in the S2 peak. 
This has been shown in laboratory experiments of Tarafa et al. (1983). The heterogeneity of high 
molecular weight hydrocarbons can cause multi-lobed S2 peaks (Hunt, 1996, p. 494). An extraction 
of organic matter prior to open system pyrolysis can improve the quality of S2 determination. 
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Fig. 3.2: Hydrogen vs. oxygen index values. High OI values of Devonian outcrop samples >70 mg CO2/g 
TOC indicate influence of weathering effects. 
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Problematic is the occurrence of insoluble (pyro-) bitumen, as these bitumen are not extractable 
with conventional organic solvents and may cause anomalous results (Hunt, 1996), p. 495). 
In this study, 35 samples from boreholes and outcrops have been analysed (for data, see Appendix 
D). Rock Eval data from the research borehole Klonk-1 give additional information for a 
stratigraphic interval ranging from Lower Lochkov to Upper Kopanina Fm. (Herten, 2000; 
Kranendonck, 2000). These data are comparable to own measurements and will not be shown at 
this place. 
For the analysed set of samples, kerogen typing based on the HI vs. OI cross plot or based on the 
method of Langford & Blanc-Valleron (1990) is difficult due to the advanced maturity of the 
samples. In both plots a type III kerogen is indicated despite the marine character of possible 
source rock strata and their Lower Paleozoic age (Fig. 3.2 and 3.3). Kerogen typing based on the 
HI vs. Tmax plot points to a mixed type III-II OM for Silurian and Devonian strata (Fig. 3.5). Land 
plants which could be responsible for the input of terrestrial OM are known only since the Late 
Silurian (Graham, 1985; Gensel & Andrews, 1987; Kenrick & Crane, 1997). This indicates a 
contribution of oxygen-rich, aquatic OM. However, type III kerogen in source rocks older than 
Silurian based on Rock Eval data are known in the literature, e.g. the Upper Ordovician Sylvan 
Shale in the Anadarko Basin, Oklahoma, USA (Wang & Philp, 1997). 
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Fig. 3.3: Plot of S2 vs. TOC. Interpretation lines represent HI values of 200 mg HC/g TOC and 700 mg 
HC/mg TOC (adopted from Langford and Blanc-Valleron (1990)). 
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High OI values >70 mg/g TOC found for Devonian outcrop samples probably reflect weathering 
effects. Decreasing HI and OI values with stratigraphic age are accompanied with an increase of 
maturity. At the given maturity stage the applicability of the S2 vs. TOC plot (Fig. 3.3) is 
questionable for Ordovician samples. Langford & Blanc-Valleron (1990) have tested their kerogen 
typing method on an evaporitic, Lower Tertiary sequence of the Upper Rhine Graben up to a 
maturity level of 1% VRr only. Therefore, especially the classification of Ordovician strata as type 
III source rocks has to be treated with caution. 
It is very important to note that most samples from the Prague Basin displayed a polymodal S2 
peak. This phenomenon has previously been documented by JK0 et al. (1993) on two samples 
	 	 ) 	 	 	 )	 )0	 	 ,- or trimodal signals of S2 may indicate an 
impregnation with polar compounds not liberated in the S1 peak (Tarafa et al. 1983), the presence 
of macerals with a different thermal stability within the same sample (Hunt, 1996, p. 494-495), 
and/or can be due to parasitic ionisation (Espitalié et al., 1985, Snowdon, 1995). For eight 
samples, Rock Eval measurements were repeated on extracted kerogen concentrates. These 
measurements did not show polymodal S2 distributions, and the Tmax values from these 
measurements were equivalent those of S2-2. This finding strongly suggests impregnation by polar 
compounds as being responsible for S2-1, and that true Tmax in whole rock pyrolysates is 
represented by S2-2. S2-3 probably results from recycled OM and parasitic peaks. A schematic 
illustration of this Tmax differentiation is given in Fig. 3.4.  
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Fig. 3.4: Typical example of an interpreted Rock Eval pyrogram for samples of the Prague Basin (E 47106). 
Different types of organic matter causes the S2 peak to split into three peaks S2-1 (bitumen impregnations),  
S2-2 (“true” Tmax value from indigenous OM) and S2-3 (recycled OM and parasitic peaks). 
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Whereas the distribution of Tmax vs. depth in the borehole Tobolka-1 scattered widely without the 
use of this differentiated Tmax assignment, Rock Eval Tmax data from S2-2 increase with depth from 
~440°C to 513°C (E 47119, Letná Fm., Middle Ordovician, 2550.7 m). Tmax values have been 
transferred into VRr equiv values from a Tmax vs. VRr plot of type III organic matter provided in 
Teichmüller & Durand (1983). Applying this transformation, VRr equiv values from Rock Eval Tmax 
increase from 0.73 to 1.85% (Fig. 3.6). A decrease of Tmax values at the lowermost part of the 
section is associated with weak S2 peaks in samples lean in OM. Values of this interval are not 
considered reliable. For the same depth interval of the borehole Tobolka-1, VRr equiv values from 
organic petrology increase from 0.89 to 2.34% (cf. section 7.1.4 and Fig. 7.8). However, it has to 
be considered that both the VRr equiv values from Tmax values and VRr equiv values from random 
reflectance values determined on vitrinite-like organic matter, graptolites and chitinozoa are 
dependent on assumptions concerning the kerogen type and on the procedure of reflectance 
transformation. For example, a transformation of Tmax values for type II kerogen would result in 
higher VRr equiv values between 0.8 to ~2.0 VRr equiv, though the kinetic characteristics determining 
the Tmax-VRr relationship can vary widely also within the same kerogen type. 
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Fig. 3.5: Hydrogen index vs. Tmax of S2-2 from samples of borehole Tobolka and outcrops indicate a mixed 
type III-II kerogen for Devonian and Silurian strata. Samples with weak S2-2 peak have been omitted. 
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R é s u m é :  
Kerogen typing based on Rock Eval data resulted in type III/II kerogen for all possible source rock 
within the Prague Basin. A more accurate assessment of kerogen quality is hampered by the 
advanced maturity of the samples. Type III kerogen for samples of Lower Paleozoic age can be 
deduced on the oxygenation of OM during the transport in the water column or at the sediment 
surface. A differentiation of Rock Eval Tmax values into three different signals increased the quality 
of maturity information. For the borehole Tobolka-1 Tmax values determined on S2-2 increase from 
about 440 to 513°C. These values correspond to a maturity increase of ca 0.73 to 1.85% VRr equiv, 
based on a cross plot VRr vs. Tmax for type III kerogen (Teichmüller & Durand, 1983). 
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Fig. 3.6: Trend of S2-2 Tmax values and calculated reflectance values in the borehole Tobolka-1. 
Samples with Tmax values not representative for a thermal maturation induced by progressive burial 
are identified separately. Note that Tmax scale is not linear. 
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3.2.2 Open system pyrolysis – gas chromatography 
For a more specific kerogen characterisation open system pyrolysis – gas chromatography has been 
performed on eight representative kerogen concentrates covering the whole stratigraphic source 
rock sequence from Middle Devonian (Srbsko Fm.) to Middle Ordovician (Letná Fm.). The 
information obtained from this analysis cannot be obtained from Rock Eval pyrolysis, most 
notably that original kerogen type may be inferred over much broader maturity rages (Horsfield, 
1989). 
Fingerprinting of chromatograms yielded from open system pyrolysis pointed out four different 
types of kerogen: 
i) Kerogen of the Middle Devonian Roblín Fm. (E 46146) is dominated by phenol and 
unidentified resolved compounds, and n-alk-1-ene - n-alkane doublets are present in minor 
amounts. The kerogen of the Roblín Fm. is much more heterogeneous than those of other 
formations. Alkylphenols are formed upon pyrolysis of lignin and vitrinite, (e.g. Saiz-
Jimenez & de Leeuw, 1986). However, other sources for phenols such as phlorotannins of 
brown algae (van Heemst et al., 1996), proteins and transformed proteins (in particular 
tyrosine derivatives) are also known (van Heemst et al., 1999). The unidentified broad 
peaks seen in the chromatogram are similar to compounds released upon pyrolysis of 
modern sediments containing cellulose. Macroscopically, the Srbsko Fm. is the only 
formation with visible debris of land plant material. Phenolic and unresolved compounds 
are therefore interpreted as pyrolysates from terrestrial plant material. Organic petrology 
supports this finding, the majority of macerals have been identified as vitrinites (pers. com. 
Václav Suchý). 
ii) Kerogen from the Siluria	#'(		) 			EI8EE			EI8E3%			$	
aliphatic character of the analysed set of samples and yielded the largest amount of 
compounds. Chromatograms of pyrolysates are dominated by n-alk-1-ene - n-alkane 
doublets. Yields of aromatic HC and phenolic compounds are low compared with those 
from other source rock formations. These features are consistent with the presence of 
polymethylene moieties derived either by direct preservation or neo-condensation of lipids 
from marine algae (Horsfield, 1997). 
iii) Chromatograms of kerogen from the Silurian and Upper Ordovician Kopa		G46 	
 			E?848			E?84I%				$		#'(		) 		
However, abundant aromatic HC and phenolic structures point to a more oxic organo- 
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i) Roblín Fm.: kerogen dominated by phenolic structures and unresolved compounds
E 46142
E 46146
E 47117
E 47101
ii) Lite  and Poáry Fm.: hydrogen-rich kerogen dominated by aliphatic compounds
iii) Kopanina and Kral v Dv r Fm.:
 kerogen with substantial moieties of aromatic and
phenolic structures
?
?
?
14 I?I
9
14
P
9
14
I?
P
P
P
P
PP
P
P
P
P
+
+?
6
17
17
17
9
?
P
+?
9
Legend:
n-alkanes
n-alk-1-enes
aromatic HC
phenols
isoprenoids
P
I
n.d.
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Fig. 3.7: Representative chromatograms from open system pyrolysis – gas chromatography. Hydrogen-rich 
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Vinice and Letná Fm. the determination of initial source rock potential is hampered by the advanced 
catagenetic maturity stage of the samples. 
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facies compared to these formations, as the compared formations are within the same 
maturity range (cf. Fig. 3.7). 
iv) Kerogen concentrates of the Vinice and Letná Fm. (E 47111, E 47114 and  
E 47117) yielded the lowest amounts of pyrolysates. Information on the kerogen quality of 
these Ordovician formations is limited due to the very advanced maturity of the samples. 
The initial quality of OM cannot be assessed for these formations using open system 
pyrolysis – gas chromatography. 
Results obtained from open system pyrolysis – gas chromatography clearly demonstrate that the 
 	 ) 	 	 #'(	 	 	 	 	 	 	 0	 $	 	 $-rich 
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	 0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	 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	 	G46 	 		 		
lower, as higher moieties of aromatic and phenolic compounds indicate a hydrogen-depleted 
kerogen. The initial source rock quality of the Middle to Upper Ordovician Letná and Vinice Fm. 
is obscured by the very advanced maturity of the samples. High portions of phenolic and 
unresolved compounds together with macroscopically visible debris of land plants indicate a type 
III kerogen with only limited potential for oil generation for the geologically youngest sample E 
46146 (Roblín Fm., Middle Devonian). 
 
3.3 Assessment of facies and maturity from the analysis of soluble organic 
matter 
3.3.1 Soluble organic matter as a function of source and maturity 
To characterise the soluble part of OM in possible source rocks, five representative samples from 
	 	) "	G46		#'(	%			K		 0	%	as well as 
seven additional samples ranging from the Middle Ordovician (Letná Fm.) to Upper Silurian 
#'(	%			B0-1 were extracted and analysed. The stratigraphic position of 
extracted samples is indicated in Fig. 3.1. Samples were chosen according to TOC content and 
stratigraphic position. In addition, 36 extracts from a sample series studied by Šimánek & Strnad 
(1978) were available. A tabulated summary of extracted samples with yields of soluble organic 
matter (SOM) is given in Appendix E. 
SOM yields depend on organic matter type, the thermal maturity as well as expulsion and 
impregnation processes. If the samples are not impregnated by migrated OM, the yield of SOM 
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increases as petroleum is generated from insoluble kerogen in the oil generation window (Tissot & 
Welte, 1984, p. 632). When matured beyond the oil window, the yield of SOM decreases due to 
hydrocarbon expulsion and oil-to-gas cracking (e.g. Albrecht, 1976, Radke et al., 1980; Rullkötter 
et al., 1988). The yield of indigenous SOM at a given maturity stage is therefore related to the 
kinetic properties of OM in the respective source rock. 
The relative amount of SOM varies widely within the extracted samples. From D e v o n i a n  
strata two outcrop samples, E 46146, Srbsko Fm. and E 46145, Daleje Fm., yielded 23.4 and 14.9 
mg SOM/g TOC. By way of comparison, Šimánek & Strnad (1978) reported substantially higher 
yields of SOM ranging between 100.0 and 161.3 mg/g TOC for four samples of the Praha Fm., but 
these were for bioclastic limestones whose CaCO3 contents ranged between 93.5 and 97% (Fig. 
3.8). Though high relative extraction yields are common in carbonates even at low maturity levels, 
the high relative extraction yields from organic-lean, pure limestones point to an impregnation 
with migrated SOM. 
Extraction yields of S i l u r i a n  samples range between 27.9 and 103.6 mg/g TOC. Šimánek & 
Strnad (1978) reported lower values for this interval with values between 20.7 and 42.5 mg SOM/g 
B*
	  	 	 E?I>=	 #'(	 %	 	 	 2	 $	 	 	  *-	 E=?>	$	
SOM/g TOC). A contribution of 44% of SOM to TOC is a strong indicator for an impregnation 
with migrate	*-	*	 	 	 	#'(			=?9	 	E?I>3%"	>EE	 	EI8EE%	
and 75.2 (E 47100) mg SOM/g TOC (cf. Fig. 3.8). These values are consistent with indigenous 
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Fig. 3.8: Extraction yields from samples of outcrops and borehole Tobolka-1. Outcrop samples and 
seven samples from Tobolka-1 were extracted at FZ Jülich, additional samples come from a extraction 
series treated by Šimanék & Strnad (1978). 
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OM in source rocks from within the oil window (e.g. Albrecht, 1976; Tissot & Welte, 1984, p. 
632). 
O r d o v i c i a n  strata yield low relative amounts of SOM. Yields for the samples E 47111 
(Vinice Fm), E 47114 and 47117 (Letná Fm.) were 7.3, 5.8 and 5.4 mg/g TOC, respectively. This 
yields correlate well with data determined by Šimánek & Strnad (1978), who reported yields of 3.0 
to 5.7 mg/g TOC for samples from Vinice Fm. (E 47671 to E 47677%	A			L 	
and Bodalec Fm. extraction yields were higher ranging between 5.7 and 14.3 mg. The youngest 
	 	 	 *	 	 	 G46 	  	 	 G46	 	 $	 	 $	
extraction yields within the Ordovician with values between 27.5 and 106.0 mg SOM/g TOC. 
The observed extraction yields are related to source, maturity and impregnation processes. High 
relative yields of SOM from the pure limestones of the Praha Fm. are more likely to reflect 
impregnation processes than source-specific phenomena. Based on Rock Eval Tmax, the organic 
maturity of samples from the borehole Tobolka-1 increases from ~0.73 to ca 1.85% VRr equiv (cf. 
Fig. 3.6). A significant decrease of extraction yields from values >50 mg SOM/g TOC to values 
<15 mg SOM/g TOC correlates well with an increase of Tmax values from 460 to >493°C (VRr equiv 
	M84>	 	8E>G%	B		 				 			 	G46 	 	
Fm. The decrease of extraction yields in a borehole depth exceeding the (paleo-) oil window is 
typical for samples of overmature sedimentary rocks, as generated oil has been expulsed or has 
been cracked into gas (e.g. Albrecht, 1976; Tissot & Welte, 1984, p. 632). 
 
3.3.2 Relative distribution of compound classes in soluble organic matter 
The relative distribution of compound classes varies significantly within the analysed source rock 
extracts (Appendix F). However, there is no regularity in occurrence. For example separation 
pattern of the s	 	 EI8EE	 	 	 E?844"	 	 #'(	 "	 	 $	 	
between each other. Whereas low polar compounds (aliphatic and aromatic hydrocarbons + low 
polarity NSO compounds) make up 75 weight % of the extract of sample E 46144 (outcrop sample 
	 	 8I"	 , 0(	 0(%"	 	 	 E?844	 	 	 	 B0-1) this 
fraction makes up only 52 weight % of the total weight and is associated with a significantly 
higher portion of high polarity NSO compounds (28 weight %) and bases (10 weight %). In 
addition, no systematic change with increasing maturity of the samples has been found. 
Accordingly, and because there is no published framework in which to place the data, no further 
interpretation is offered here to try and explain the observed compositional differences. 
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3.3.2 n-Alkanes, pristane and phytane 
A compilation of gas chromatograms and the relative distributions of n-alkanes together with the 
isoprenoids pristane and phytane is provided in Appendices P and S. Geochemical parameters 
based on quantified aliphatic hydrocarbons and relative concentrations from GC measurements are 
given in Appendix G and J. Typical examples of hydrocarbon distributions obtained from gas 
chromatography are depicted in Fig. 3.9. 
An Unresolved Complex Mixture (UCM) or “hump” in the aliphatic fraction is often interpreted as 
an indicator of biodegradation (Connan, 1984, cf. section 4.3.3). Gas chromatograms of the 
aliphatic HC fraction of source rock extracts do not show a significant hump of Unresolved 
Complex Mixture (UCM), except for extracts from the lower part of the borehole Tobolka-1. This 
points to a relatively minor effect of biodegradation on these source rock extracts, though all 
samples come from outcrops and cores drilled more than 25 years ago. The composition of 
aliphatic hydrocarbons can be summarised as follows: 
• 2	 	 	 *	 G46 	  	 	 E?84I%"	 +	 	 E?888%	 	 )(	 	 
(E 47114 and E 47117) show a bimodal distribution of n-alkanes with a first, dominant 
maximum in the range n-C20 to n-C23 and a second maximum in the range n-C32 to n-C35 
(Fig. 3.9.A). Pr/Ph ratios are <0.89, even-numbered n-alkanes show a preference between 
C18 and C22	  	 	 E?III	 G46 	  	 %	 	 E?II8	 G46	 %	 2	 	
Šimánek & Strnad (1978) do not show this second maximum. In addition, these extracts 
provided by the University of Brno show a higher portion of UCM maximising together with 
n-C25 (cf. Appendix P). 
• 2		) 		)	 %						n-alkanes with a 
maximum at n-C15 (Fig. 3.9.B). Pr/Ph-ratios fluctuate between 1.36 (E 47103) and 1.77 (E 
46142), the low-to-high chain carbon preference index (LHCPI) defined as the ratio n-C17-19 
vs. n-C27-29, is relatively high with values between 17.5 (E 47103) and 6.8 (E 46142). This 
distribution is typical for extracts of source rocks at an elevated maturity stage (Albrecht, 
1976). 
• 2	 	 G46	 	 EI8E=	 	 	 E?848%	 	 #'(	 	 	 E?844%	 	 	 n-
alkane maximum that is shifted to higher chain length compared to n-alkanes in samples of 
	 ) 	 	 $	 =9
%	 	 	 2	 	 n-C18-19 the concentration decreases 
gradually with increasing chain length. 
• An extract from the Middle Devonian Roblín Fm. (E 46146) shows a similar distribution of 
n-0		2			&	 	#'(		G46		$	=9%	B	n-
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alkane distribution of sample E 47442 (Zlíchov Fm.), not a source rock according to its low 
B*
	"						E?844	#'(	% 
The isoprenoids pristane and phytane can originate from phytol derivatives and other isoprenoids 
such as chromans and tocopherols that occur in phototrophs and archaebacteria. Whereas extracts 
	 					#N#			83>		E?844"	#'(	%		8??	
	EI8E3"	)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strata drilled in the borehole Tobolka-1 (Fig. 3.10). Though Pr/Ph ratios are most frequently used 
as source indicators (e.g. Powell & McKirdy, 1973), this ratio has been reported to change with 
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Fig. 3.9: Distribution of n-alkanes and the isoprenoids pristane and phytane for selected source rock 
samples. 
40   
 
increasing maturity. Tissot et al. (1971) observed an increase of Pr/Ph values from ~0.5 to >1.0 on 
samples from the Toarcian Schistes Carton (Paris Basin, France) with VRr increasing from ~0.55 
to ~0.75%. In a relatively uniform sequence of clay-rich sediments from the Douala Basin, 
Cameroon, Albrecht (1976) found an increase of Pr/Ph values to ~4.9 in the depth of the principle 
oil-generative window, followed by a decrease to values of ~1.5 at depth interval beyond the oil 
window. Radke et al. (1980) and Connan (1984) showed Pr/Ph values to increase up to maturity 
levels of 0.88 and 0.70% VRr, respectively, and subsequently to decrease with increasing maturity. 
In contrast to these authors, Burnham et al. (1982) only reported decreasing Pr/Ph ratios from oils 
generated upon pyrolysis of type I source rocks of the Eocene Green River Shale Fm. (south-
western part of the USA). For the analysed source rock sequence, the strong correlation of Pr/Ph 
ratios with depth and maturity indicates that this ratio has been altered by thermal overprinting and 
cannot be used alone as a source-specific indicator within the Prague Basin. 
A plot of pristane/n-C17 (ISO 1) vs. phytane/n-C18 (ISO 2) is frequently used to assess 
biodegradation, depositional regime and maturity of crude oils and SOM from sedimentary rocks 
(e.g. Connan & Cassou, 1980; Talukdar et al., 1993, Peters et al., 1999; 2000). Most of the 
samples from the Prague Basin plot in a field typical for oils and rock extracts sourced from mixed 
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Fig. 3.10: Pristane/phytane ratios correlate negatively with depth in the borehole Tobolka-1. Outcrop 
samples were projected into the borehole based on their stratigraphic position. 
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type II-III kerogens (Fig. 3.11). Only a small variance in depositional environment is indicated 
from this plot. An outcrop sample of the Lower Devonian Daleje Shale (E 46145) tends clearly 
into the type III source field. The assessment of maturity is considered not reliable from this plot, 
no relation in respect to stratigraphic origin of the samples can be found. However, it is difficult to 
assess whether this lack of correlation is due to insignificant small differences in the maturity-
dependant shift of ISO 1 and ISO 2 or really expresses the maturity of the extracted samples.  
Carbon Preference Indices (CPI) can be used as source indicators (Bray & Evans, 1961). With 
increasing maturity, a dominance of even or odd-numbered n-alkanes is equilibrated (e.g. Albrecht, 
1976; Radke et al., 1980). For CPI 1, values between 1.15 (E 47117, Letná Fm.) and 0.98 (E 
46143, Kopanina Fm.) were found. CPI values around 1 are typical for an advanced catagenetic 
stage of maturity. Especially in samples from the Vinice and Letná Fm. (Middle Devonian) the 
predominance of n-C18 is remarkable (Fig. 3.9.A). Even-numbered fatty acids, especially 
unsaturated tetra- (14:0) and hexadecanoic (16:0) acids, are the dominant lipids in a variety of 
microbiota (Ratledge & Wilkinson, 1988). Nishimura & Baker (1986) attribute the predominance 
of even-numbered n-alkanes on the influence of marine bacteria. Reduction of carboxyl groups 
transforms even-numbered fatty acids into even-numbered n-alkanes. Grimalt & Albaiges (1987) 
showed that a much wider variety of facies types (marine and freshwater, oxic and anoxic) may 
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Fig. 3.11: Plot of pristane/n-C17 vs. phytane/n-C18 for source rocks from the Prague Basin. Interpreted 
fields adopted from Hunt (1996), p. 542. 
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show a similar distribution of n-alkanes. As possible sources for these even-numbered n-alkanes 
these authors proved marine and freshwater bacteria, fungi and special yeast cultures. A 
geochemical signature typical for the presence of the marine algae Gloecapsomorpha prisca, the 
main source of type I kerogen in Ordovician source rocks (kukersites), namely a strong 
predominance of n-C17 and n-C19 alkanes (Fowler, 1992), could not be found within the Prague 
Basin. 
R é s u m é :  
The relative distribution of n-alkanes, pristane and phytane is related to the stratigraphy of the 
respective samples. The Pr/Ph ratio is negatively correlated with depth in the borehole Tobolka-1. 
Therefore it can be assumed that Pr/Ph ratios are dependent on maturity and are not suitable to 
assess the depositional environment of possible source rocks for samples from the Prague Basin. A 
plot of ISO 1 (Pr/n-C17) vs. ISO 2 (Ph/n-C18) points to a generation of hydrocarbons from a mixed 
type II-III kerogen. This is in accordance with a kerogen typing based on Rock Eval data (cf. 
section 3.2.1). An elevated portion of n-C18 in samples from the Ordovician Vinice and Letná Fm. 
and the Devonian Roblín Fm. may originate from carboxylic, even-numbered acids, lipids typical 
for a variety of marine microbiota, and is interpreted as a source-specific signal. 
 
3.3.3 Aromatic compounds 
The use of compositional changes in the distribution of aromatic compounds is widely applied to 
assess the thermal maturity of source rock extracts and crude oils. Especially changes in the 
relative distribution of alkylated homologues of naphthalene (Radke et al., 1984; Alexander et al., 
1985) phenanthrene (Radke, 1988; Radke & Welte, 1981, Radke et al., 1982; 1984) and sulphur-
aromatic (di-)benzothiophenes (Radke, 1988; Radke et al., 1991; Santamaría-Orozco et al., 1998) 
have been shown to be closely maturity-related. Though also other aromatic compounds such as 
aromatic steroids (Mackenzie et al., 1981) can be used to assess the thermal maturity of rock 
extracts and crude oils, in this study investigations on aromatic compounds were concentrated on 
naphthalenes, phenanthrenes and dibenzothiophenes. In addition to samples extracted at the FZ 
Jülich, four samples provided by the University of Brno were analysed. Tabulated results of 
quantified aromatic compounds and aromatic maturity parameters are given in Appendix H and K. 
The solubility of aromatic compounds decreases significantly with ring numbers. At standard 
conditions, solubility of benzene in water is ca 58 times higher than the solubility of naphthalene, 
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the solubility of naphthalene in water is ca 26 times higher than the solubility of phenanthrene 
(www.chemfinder.com). Therefore naphthalenes are more prone to be influenced by water-
washing processes than phenanthrenes (Palmer, 1993). To exclude maturity information altered by 
possible water washing or evaporative losses during sample preparation, naphthalenes have been 
excluded from maturity assessment. To improve the interpretation of aromatic maturity 
parameters, an integrated approach was used taking into account the maturity indices 
methylphenanthrene ratio (MPR), methyldibenzothiophene ratio (MDR) and 
ethyldibenzothiophene ratio (EDR). Calculated reflectance values (Rc) were calculated from each 
parameter, and averages determined of these for each sample (Fig. 3.12). The methylphenanthrene 
index 1 was not used for a final maturity assessment, as this parameter involves phenanthrene and 
methylated homologues. Therefore, this parameter is more sensitive to secondary alteration 
processes than parameters based on alkylated homologues alone (pers. com. Matthias Radke). 
In the borehole Tobolka-1, together with projected outcrop samples, maturity increases from 
0.82% Rc		EI8EI"	!6	%			2			) 			84?"	84>"		839G	!c 
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Fig. 3.12: Calculated integrative maturity values from aromatic compounds (SOM) and Tmax S2-2 
(kerogen) vs. depth in the borehole Tobolka-1. Outcrop samples have been projected into the borehole 
according to their stratigraphic position. 
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for sample 46142, 47103 and 47657, respectively) and decreases again to 0.71% for the deepest 
sample of the borehole (E 47117, Letná Fm.). A higher thermal maturity derived from a different 
fitting equation at an elevated level of maturity, as known for Rc values from MPI-1, is not 
supported by intermolecular ratios of compounds. Outcrop samples have been projected in the 
respective stratigraphic positions of the borehole Tobolka-1 and fit well with data obtained on 
samples coming from this borehole (Fig. 3.12). This maturity information derived from SOM 
contrasts with Rock Eval Tmax data sensitive to changes in the kerogen composition, as the reverse 
trend of calculated aromatic maturity Rc is not visible from a plot of Tmax vs. depth (Fig. 3.12). 
Though minimum values of ~0.75% Rc and VRr equiv for maturity information derived from kerogen 
and SOM are similar, the trend of maturity differs significantly. Maximum values from Rock Eval 
Tmax correspond to ~1.85% VRr equiv, transferred from a plot of VRr vs. Tmax for type III kerogen 
(Teichmüller & Durand, 1983, cf. section 3.2.1) and are reached in the Middle Ordovician Letná 
Fm., whereas maximum values for Rc reach 1.5% in the Silurian Kopanina Fm. 
An impregnation of possible source rocks with less mature SOM might be the reason for this 
contrasting maturity information. In addition, other maturity parameters from SOM, e.g. biomarker 
maturity values (cf. Fig. 3.14 and Fig. 7.8) also indicate a significantly lower maturity than Rock 
Eval Tmax	 	 	 $	 	 	 	 	 	  	 	 ?E8%	 B	
hypothesis of less mature OM impregnating strata of higher maturity is supported by isotope data 
presented in section 3.5. that show virtually no correlation between the isotopic composition of 
kerogen and SOM (Fig. 3.18). Secondary alteration processes are also conceivable as a possible 
reason for contrasting maturity information from kerogen and SOM. As aromatic maturity 
parameters were carefully selected in order to minimise erroneous maturity information altered by 
such processes, an impregnation of source rock samples with migrated SOM seems more likely. 
R é s u m é :  
Aromatic maturity parameters have been determined on the SOM. These maturity values contrast 
with data obtained from the analysis of insoluble OM, i.e. kerogen. Data indicate an impregnation 
of source rock samples with migrated OM from less mature sources and are not representative for 
the indigenous kerogen. Therefore, the maturity information obtained from the analysis of 
aromatic compounds of possible source rock extracts does not reflect the thermal history of the 
respective strata and is not suitable to calibrate basin models. 
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3.3.4 Biomarkers 
Lipid compounds in source rocks and oils that are preserved from living organisms are called 
biomarkers or geochemical fossils (Killops & Killops, 1993). Whereas a variety of compounds 
such as n- and i-alkanes may have a specific biological precursor, in this study the term 
“biomarker” is restricted to steranes and tri- and pentacyclic triterpanes. Besides a source specific 
information useful for the correlation of different oils and source rocks, several parameters have 
been shown to be maturity-related (Peters & Moldowan, 1993). In this section, characteristics in 
the distribution of biomarkers in source rock extracts are outlined. 
The analysis of biomarkers was focussed on tri- and pentacyclic terpanes (m/z=191) as well as on 
steranes (m/z=217;218). Aromatic biomarkers were not investigated in this study. Only steranes 
were quantified, mass fragmentograms with peak identifications are shown in Fig. 3.13. A 
tabulated list of biomarker parameters is given in Appendix L. 
To assess the thermal maturity of source rock extracts, the progress of isomerisation reactions, or 
better stated pseudo-isomerisation reactions can be used. While this approach is based on the 
occurrence of a biologically formed, thermally unstable isomer that is transformed into a thermally 
stable one, Farrimond et al. (1998) have shown that this pseudo-isomerisation can be attributed to 
the balance between relative rates of generation and thermal degradation of the different isomers. 
These isomerisation reactions take place predominantly in free biomarkers not bound to kerogen 
structures, as maturity values from petroleum generated in hydrous pyrolysis experiments are more 
immature than values from extractable organic matter not cleaved artificially from the kerogen 
(Marzi & Rullkötter, 1992). From the analysis of steranes, the progress of R to S isomerisation at 
carbon atom C-20 [20S/(20S + 20R)] and the progress of αα  to ββ  isomerisation at carbon atoms 
C-14 and C-17 [ββ/(ββ+αα)], determined on regular C29 steranes (24-ethyl-5(H),14(H),17(H)-
cholestane) has been used. Parameters from C27 and C28 steranes and/or diasteranes (13(H),17(H)-
diacholestanes) show trends similar to C29 regular steranes and are given in Appendix L, at this 
place only C29 regular steranes shall be discussed. 
The theoretical endpoint of the 20S/(20S + 20R) isomerisation reaction is reached at a value of 
0.55, equivalent to about 0.8% VRr (Mackenzie, 1984). In samples from the analysed source rock 
sequence, values range between 0.42 (E	EI8E3"	) 	%		4>=		EI8EE"	#'(	%		 
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Fig. 3.13: Typical distribution of steranes in Ordovician source rock extract from Letná Fm., E 47117. 
Results Source rocks 47 
 
ββ/(ββ + αα) isomerisation, values rise from close to zero to values up to 0.70 (Peters & 
Moldowan, 1993). This endpoint is equivalent to about 0.9-1.0% VRr. Values measured on 
sa			#$	,	$		4>E		EI8EI"	!6	%		4I8		E?844"	#'(	 
Fm.; E 47114 and 47117, Letná Fm.). The correlation of these two maturity parameters is very low 
(Fig. 3.14). It is noteworthy that this lack of positive correlation is due to outlying values for four 
parameters from outcrop samples. These outlyers might be influenced by secondary alteration 
processes. In a cross-plot of 20S/(20S + 20R) and ββ/(ββ + αα) vs. depth in the borehole Tobolka-
1, no systematic trend can be observed including projected outcrop samples. Nevertheless it is 
conspicuous that neither of both parameters has reached its theoretical endpoint (Fig. 3.14). This 
might be an indicator for an impregnation with less mature organic matter, as discussed from the 
analysis of aromatic compounds. However, Marzi & Rullkötter (1992) have shown in hydrous 
pyrolysis experiments that whereas 20S/(20S + 20R) and ββ/(ββ + αα) ratios increase up to a 
certain experimental time, beyond that threshold time ratios show arbitrary values not dependent 
on thermal stress. As the maturity of samples is beyond the applicability of these biomarker ratios 
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Fig. 3.14: Maturity-related biomarker ratios vs. depth in the borehole Tobolka-1. Outcrop samples have 
been projected into the borehole according to their stratigraphic position. 
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for most of the samples, reverse and unsystematic changes do not necessarily point to a 
redistribution of organic matter. 
The ratio of regular steranes vs. 17α (Η)-hopanes reflects the input of eukaryotic (mainly algae and 
higher plants) vs. prokaryotic (bacteria) organisms to specific source rocks (Peters & Moldowan, 
1993). It is formed from C27, C28 and C29 regular steranes and 17α (H)-hopane pseudohomologues 
from C29 to C33. The high amount of steranes in relation to hopanes indicates that OM of potential 
source rocks from the Prague Basin was formed predominantly from algae. Higher plants have 
been restricted to aquatic forms in pre-Devonian times. Altogether, information from tri- and 
pentacyclic terpanes is not very source-specific and is limited due to low compound 
concentrations. 
Sterane ternary diagrams of C27, C28 and C29 steranes can be used to show relationships between 
oils and source rock extracts. High concentrations of C29 steranes compared to C27 and C28 steranes 
have been reported to be characteristic for the input of terrestrial OM (Huang & Meinschein, 1979) 
or for oils and source rock extracts from Paleozoic strata (Grantham & Wakefield, 1988; 
Moldowan et al., 1985). Within the Paleozoic samples of the Prague Basin, no shift to increased 
C29 values has been observed (cf. Fig. 6.2). 
The ratio diasteranes/regular steranes can be used to discriminate petroleum from carbonates vs. 
clastic source rocks. Low diasterane/sterane ratios indicate clay-poor carbonate source rocks 
deposited in anoxic conditions (e.g. Mello et al., 1988). However, numerous case histories are 
known where this rule of thumb fails. For example, Moldowan et al. (1992) reported high 
diasterane/sterane ratios from organic-lean carbonate rocks from the Adriatic basin that have been 
deposited in an acidic, oxic environment. The diasterane/sterane ratio is also increased by thermal 
maturation (Seifert & Moldowan, 1978) and biodegradation (Seifert et al., 1979). Therefore, a 
good control on source or maturity is needed for the interpretation of this parameter (Peters & 
Moldowan, 1993). For source rock extracts of the Prague Basin, the ratio diasteranes/regular 
steranes varies between 22% (E 46143, Kopanina Fm.) and 54% (E 46144, Po'(	%	+		
the same formation are comparable, the range of this ratio is usually low within one formation 
$	=8E%	5$								#'(	"					
be found in the Kopanina Fm. from samples of a similar lithology. This might be interpreted as an 
indicator on more oxic conditions for the deposition of the Kopanina. An increase of the ratio 
diasteranes/regular steranes that would be expected with increasing maturity for Ordovician 
samples of the borehole Tobolka-1 cannot be observed. 
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In this study, source rock extracts of the same formations plot in the same fields in the ternary 
diagram (cf. Fig. 6.2). This indicates a source-specific distribution of steranes. Sample E 47111 
(Vinice Fm., Upper Ordovician) shows a similar distribution of C27:C28:C29 steranes as samples  
E 47114 and E 47117 (Letná Fm.) and has the highest amount of C27 steranes (>46%). This 
geochemical affinity for samples from Letná and Vinice Fm. has also been found in the 
distribution of n-alkanes (cf. section 3.2.2) and fluoren-9-ones (cf. section 3.3.5). Highest 
concentrations in C28 steranes >39% have been found in two samples of the Kopanina Fm., 
	 	 	 	 #'(	 	 	 	 	 	 
29 steranes (37-50%). A different 
relative distribution of C27:C28:C29	 	 	 		 	 	) 		 	E?84=			
46142) may indicate a facies variation wi	 	 ) 	 	 	 	 	 	 	 
29 
steranes in outcrop samples due to biodegradation. 
The relative ternary distribution of diasteranes is shifted towards C27 and C29 steranes compared to 
the distribution of regular steranes. Relative concentrations of C28 diasteranes range from 18% (E 
46143, Kopanina Fm.) to 30% (E 46146, Roblín Fm.), whereas relative concentrations of C28 
regular steranes range from 18% to 46%. This finding has been reported by other authors before 
(e.g. Sachsenhofer et al., 1996), the implication of this observation is unclear. 
R é s u m é :  
The relative distribution of C27, C28 and C29 steranes reflects source specific differences of 
individual source rock formations. Biomarker ratios sensitive to maturity as 20S/(20S + 20R) ratio 
and ββ/(ββ + αα) ratio from C29 regular steranes are still below their empirical endpoint and do 
not change systematically with depth in the borehole Tobolka-1. This contrasts with maturity 
values derived from analyses of the kerogen. This is not necessarily an indicator for an 
impregnation with migrated organic matter, as Rock Eval Tmax data and reflectance of OM points 
to a maturity level beyond the applicability of these ratios for most of the samples. 
 
3.3.5 Heterocompounds 
Whereas a large body of literature has treated the usability of hydrocarbon compounds to assess 
the organo-facies and maturity of organic matter and to correlate oils and source rock horizons, the 
geochemical study of heterocompounds has attracted attention only in the last decade. A large 
portion of organic nitrogen compounds in crude oils and source rock extracts is made up of pyrolic 
(e.g. carbazoles) and pyridinic (e.g. quinolines) ring systems. Although the origin of these 
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compounds is not very well understood (Li et al., 1997), they have been used widely in reservoir 
geochemistry (e.g. Larter & Aplin, 1995) and to assess primary and secondary migration distance 
(Yamamoto, 1992). Larter et al. (1996a; 1996b) proposed the ratio benzo[a]- vs. 
benzo[a+b]carbazole (BCP1) as a molecular indicator for secondary migration distance, decreasing 
with increasing migration distance. Clegg et al. (1997a) and Horsfield et al. (1998) have shown 
this parameter to correlate strongly with maturity, as demonstrated for the Hils Syncline (NW-
Germany) and the Sonda de Campeche (Mexico). Besides this maturity dependence, facies 
variations also influence the relative distribution of carbazoles (Clegg et al., 1997b). Whereas the 
distribution of carbazoles and their applicability to geological questions has been discussed 
extensively over the last years, little attention was paid on the distribution of fluoren-9-ones. In the 
current study these compounds were of particular interest, as they have been detected in most of 
the analysed samples. Fluoren-9-ones occur in a variety of substrates ranging from oxygenated 
diesel fuel, urban air particulates, cigarette smoke and geological settings (Bennett & Larter, 2000, 
and references therein). In geological settings, fluoren-9-ones have first been reported from 
Wilmington petroleum (Latham et al., 1962) and were identified also as pyrolysis products (van 
Graas et al., 1981). The geochemical origin of fluoren-9-ones is not clear, besides a geochemical 
origin also an artificial generation from oxygenation with headspace gas in sample vials is 
discussed (Bennett & Larter, 2000). Wilkes et al. (1998) identified benzofluoren-9-ones and 
reported maturity-related changes in the yield and relative distribution of alkylated fluoren-9-ones. 
Fluoren-9-one and differently substituted fluoren-9-ones have been identified in all source rock 
samples. Carbazoles were present in five of ten source rock samples. Mass fragmentograms with 
peak identifications are given in Fig. 3.17 and Appendix V, parameters from heterocompounds are 
provided in Appendix M. Chemical structures of the compounds discussed in this Chapter are 
given in Fig. 3.15.  
Tab. 3.1: Parameters from the evaluation of fluoren-9-one and its alkylated derivatives. 
 
Index Definition 
MFR 4*fluoren-9-one / 1+2+3+4-methylfluoren-9-one 
MFR 1 1-methylfluoren-9-one / 1+3-methylfluoren-9-one 
MFR 2 1+3-methylfluoren-9-one / 2+4-methylfluoren-9-one 
MFR 3 1+2-methylfluoren-9-one / 3+4-methylfluoren-9-one 
DFR 1 1-ethylfluoren-9-one / (1,8-dimethylfluoren-9-one +1-ethylfluoren-9-one) 
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Within the analysed source rock sequence, variations in the fluoren-9-one (F) and methylfluoren-9-
one (MF) distribution are dependent on the stratigraphic position of the samples. To put these 
variations on a quantitative base, several parameters defined in Tab. 3.1 have been used. Typical 
examples of these patterns are given in Fig. 3.17. 
• P a t t e r n  I  shows a gradual decrease of MF from 1- MF to 4-MF. MFR 3 values range 
between 2.61 (E 47100) and 3.76 (E 47106). Fluoren-9-one concentration is low compared 
with methylated analogues. This is expressed by a low MFR ranging between 0.69 (E 
46101) and 0.88 (E 47106). DFR-1 values vary widely between 0.13 (E 47101) to 0.98 (E 
47106). 
Samples in this group all come from the Silurian or Uppermost Ordovician (E 47100, #'(	
;		E?848"	G46	;		E?84="	) 	;		E?84I"	G46 	 	% 
• P a t t e r n  I I  shows a MF distribution where 2-MF steps back behind 1-MF, 3-MF and 4-
MF, and 1-MF shows the highest concentration. MFR values range between 0.47  
(E 46142, Roblín Fm.) and 1.70 (E 46143, Kopanina Fm.). DFR values are low ranging from 
0.12 (E 46142 and E 46143) to 0.16 E 46146). 
Samples of this group come from the Roblín Fm. (E 46146), Kopanina Fm. (E 46143) and 
) 			EI8E3% 
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Fig. 3.15: Chemical structures of selected heterocompounds. 
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Fig. 3.16: Typical distribution patterns for fluoren-9-one and alkylated derivatives. GC-MS measurements 
acquired in CI mode. 
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• P a t t e r n  I I I  is dominated by unsubstituted fluoren-9-one. This is expressed in high 
values between 4.47 (E 47111, Vinice Fm.) and 9.97 (E 47114, Letná Fm.). MF show a 
dominance of 1-MF and 3-MF in contrast to 2-MF and 4-MF. DFR-1 values are increased 
compared to samples of other groups and range between 0.27 (E 47111) and 0.33 (E 47114). 
Samples of this group come from the lowest part of the borehole and have a maturity 
between 1.41 and 1.63 % VRr equiv, as calculated from Rock Eval Tmax data (E 47111, Vinice 
Fm; E 47114 and E 47117, Letná Fm.). 
The distribution of different fluoren-9-one patters shows a strong relationship with the 
stratigraphic position of the samples. This relationship can be inferred on source-related 
differences or may as well express different stages of maturity. For example, the thermal stability  
of the 1,8-dimethylfluoren-9-one can be expected to be higher than the stability of 1-ethylfluoren-
9-one. Observations of Wilkes et al. (1998) on a well-defined maturity sequence from the Hils 
Syncline (NW-Germany) support this hypothesis. In their study, DFR-1 shows a strong negative 
relationship with VRr (Fig. 3.18).  
However, for samples of this study this relationship could not be verified. In contrast, a positive 
correlation was found for samples from the Prague Basin (Fig. 3.35), although the maturity interval 
0.2
0.4
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Fig. 3.17: Distribution of alkylated fluoren-9-ones as a function of maturity and organo-facies. Apparent 
positive correlation for samples from the Prague Basin is interpreted as remnant of initial isomer 
distribution controlled by organo-facies. 
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between 0.87% and 1.41% VRr equiv is not documented in the sample set of the Prague Basin. A 
correlation factor R2=0.90 has therefore to be considered with caution. From the chemical structure 
of the relevant fluoren-9-one isomers it is more probable that the observed, apparently opposite 
maturity relationship depends on pronounced differences in the organo-facies of respective source 
rocks. If organo-facies is reflected in fluoren-9-one patterns, this means that they might have a 
potential as correlation tool, although weathering effects have also to be taken into account for the 
interpretation of fluoren-9-one patterns. 
R é s u m é : 
Three notable different fluoren-9-one patterns varying with stratigraphy can be found within the 
analysed samples. If source-specific differences can be found, these compound classes can be used 
as an alternative correlation tool. In addition, maturity is known to have an influence on the 
distribution of alkylated fluoren-9-ones. The expected decrease of ethylfluoren-9-one with 
maturity (DFR 1) cannot be observed in the analysed samples. A positive correlation of this 
parameter with depth is chemically unlikely. This means that either pronounced initial differences 
in organo-facies are not equilibrated at the given maturity, or that soluble matter of Middle 
Ordovician source rocks migrated from less-mature sources into those formations. 
 
3.4 Stable carbon isotopes 
Differences in mass between isotopes of the same element result in measurable isotopic 
fractionation during physical and chemical processes. The isotopic fractionation of stable carbon 
isotopes 12C and 13C in sedimentary rocks is controlled by the origin and chemical structure of OM 
and therefore can reflect environmental conditions at the time of deposition (Tissot & Welte, 1984, 
p. 508). 12C is preferentially assimilated by plants during photosynthesis. The composition of 
stable carbon isotopes in kerogen varies between -32 to -20‰ and lies in the range of fractionation 
degrees typical for photosynthetic C3 plants using the Calvin pathway to fix CO2 in organic matter 
(Peters & Moldowan, 1993, p. 124). In addition, the stable carbon isotope signature of kerogen is 
dependent on the isotopic signature of CO2 that had been available for photosynthesis (Hoefs, 
1997).  
Stable carbon isotope ratios are usually expressed in the δ-notation  
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and are related to the PDB standard, a calcite rostrum of Belemnitella americana from the Upper 
Cretaceous Peedee Fm. (South Carolina, USA). 
In petroleum geology, the isotopic composition of crude oils and source rocks is a useful tool to 
record environmental shifts in the sedimentation of organic matter and to correlate oils and source 
rocks (e.g. Stahl, 1978; Schoell, 1984; Sofer, 1984; Philp, 1993). Source rock bitumen is generally 
about 0.5 to 1.5‰ depleted in 13C compared its related kerogen. Bulk values of the isotopic 
composition of petroleum are lighter to about the same degree in comparison to source rock 
bitumen. The isotopic composition of petroleum differs significantly in between different 
compound classes. Usually the concentration of 13C in different fractions of petroleum and source 
rock extracts is aliphatic hydrocarbons <aromatic hydrocarbons <heterocompounds, and within 
these fractions large differences between individual compounds may occur (Peters & Moldowan, 
1993, p. 127). 
Schoell (1984) found that the maturation of organic matter does not induce significant changes in 
the isotopic composition of kerogen. In contrast, Peters & Moldowan (1991) showed in laboratory 
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Fig. 3.18: Isotopic composition of kerogens and source rock fractions. 
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experiments that the preferential loss of 12C-enriched methane during thermal maturation leads to a 
concentration of 13C in the residual kerogen. The isotopic composition of indigenous source rock 
extract and source rock kerogen is closely correlated. A lack of correlation points to an 
impregnation with migrated organic matter. However, the isotopic composition of kerogen that 
contains high amounts of inert or gas-prone macerals can significantly differ from the isotopic 
composition of extract, as these macerals do not contribute to the generation of source rock 
bitumen, but have an influence on the isotopic composition of the kerogen (Peters & Moldowan, 
1993, p. 127). 
Whereas 13C and 18O stable isotope data from inorganic matter in the Barrandian have been 
published by a variety of authors (Hladíková et al., 1997; Suchý et al., 1996; Hladil, 1992; 
Hladíková et al."	 89:I;	F0 et al., 1987), the isotopic signature of organic carbon has not been 
analysed prior to this study. The stable carbon isotope composition of extract fractions and 
kerogens from 12 source rock samples have been analysed. From extracts, aliphatic, aromatic and 
high polarity NSO fractions were measured. All measurements were carried out at the University 
of Erlangen in the laboratory facilities of Michael Joachimski, all values with exception of sample 
E 46142 are means of double determinations. Values for five samples could not be determined due 
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Fig. 3.19: Stable carbon isotope ratios of aliphatic source rock extracts vs. kerogens. 
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to low sample amounts. The minimum content of organic carbon for a accurate determination of δ 
13C values was 10 µg. The accuracy of measurements is very high, the analytical standard 
deviation determined on 12 internal standards is 0.11. Tabulated results of measurements are given 
in Appendix O. 
The isotopic composition of the analysed kerogens varies between –23.2 (E 46143, Kopanina Fm.) 
and –=4EO	 	 E?84I"	 G46 	  	 %	 $	 =8:"	 $	 =89	 	 $	 >8?%	 P	 	
formation, values can vary by 5.8‰ (Kopanina Fm., -23.2 and -29.0‰ for sample E 46143 and  
E 47101). Variations from the isotopic values of kerogen in the Ordovician Letná and the Silurian 
) 		#'(			Q89O	B								
the same range, i.e. between –=4EO		E?84I"	G46 	 %		–25.0‰ (E 46145, Daleje Fm.). 
Importantly, a systematic depletion in 13C for extracts to corresponding kerogen, as it would be 
expected from the general concepts outlined above, is not evident from the analysed isotopic data. 
However, Clayton (1991) showed that this concept is only applicable in at a maturity level that 
does not exceed the oil window. Only sample E 46146 (Roblín Fm., Devonian) and sample E 
47111 (Vinice Fm., Ordovician) show the typical relationship of kerogen, aliphatics, aromatics and 
high polar NSO-compounds of corresponding source rock fractions and source rock kerogen. This 
points to a redistribution of soluble organic matter, as has been suspected previously from the 
analysis of aromatic compounds and biomarkers, although other concepts leading to a deviating 
distribution of isotopic values such as thermal maturation, phase changes and weathering 
influences are also conceivable (Clayton, 1991). 
A cross plot of the isotopic composition of kerogen and the isotopic composition of the aliphatic 
source rock fraction shows no relationship between these values (Fig. 3.19). The correlation factor 
R2 is 0.02, disregarding the outlying values E 47111 (Vinice Fm., Ordovician) and E 46145 
(Daleje Fm. Devonian) the correlation is still as low as 0.46. Within the source rock extracts, the 
correlation is higher, e.g. aliphatic vs. aromatic fraction is R2=0.57, aromatic vs. high polarity 
compound class fraction R2=0.45.  
R é s u m é : 
Stable carbon isotope data of source rock extract fractions and kerogens are not in all source rocks 
distributed as it would be expected for related kerogens and related source rock extracts. The 
kerogen is not always heavier than the extracts. No systematic relationship between source rocks 
and extracts can be found. This finding is an indicator for a redistribution of organic matter. This 
process has already been suspected from the analysis of aromatic hydrocarbons and biomarkers. 
58   
 
3.5 Conclusions 
In the stratigraphic succession of the Prague Basin, numerous horizons bear enough TOC to have 
generated petroleum. Best source rocks can be found in the Silurian, where TOC values up to 2.6% 
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strata was biased, focussing on organic-rich layers for subsequent organic-geochemical analyses. 
However, despite the high thermal maturity of these strata, especially the Middle and Upper 
Ordovician Letná and Vinice Fm. yielded TOC values close to one. 
A kerogen typing based on Rock Eval data resulted in a type III/II kerogen with only little variation 
for all of the analysed possible source rocks. Multi-lobed S2 peaks indicate an impregnation with 
higher molecular weight and/or polar compounds. Tmax values from S2 were determined on three 
distinct peaks S2-1 (bitumen impregnations), S2-2 (“true” Tmax values from indigenous OM) and S2-3 
(recycled OM and parasitic peaks). For the borehole Tobolka-1 Tmax values determined on S2-2 
increase from about 440 and 513°C, corresponding to an increase from 0.73 to 1.85% VRr equiv 
when applying a transformation Tmax into VRr for type III kerogens (Teichmüller & Durand, 1983). 
A more detailed kerogen assessment was achieved by the use of open system pyrolysis – gas 
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hydrogen-rich source rocks in the Prague Basin. A detailed assessment of the kerogen quality in 
the Middle and Upper Ordovician Vinice and Letná Fm. is hampered by the very advanced 
maturity level of these formations.  
The extraction yields of possible source rocks are highest in Devonian and Silurian strata. In 
Ordovician strata extraction yields decline for samples exceeding the maturity level of the (paleo-) 
oil window. The relative distribution of n-alkanes, pristane and phytane is related to the 
stratigraphy. An elevated portion of n-C18 in samples from the Ordovician Vinice and Lentá Fm. 
and the Devonian Roblín Fm. is interpreted as a source-specific signal and may originate from 
lipids of marine microbiota. The Pr/Ph ratio of source rock extracts shows a close relationship with 
the stratigraphic position and hence with maturity of the samples. Values decrease with increasing 
age of source rock formations from ~1.5 - 1.8 to ratios <0.5. This relationship is interpreted to 
reflect thermal maturity, Pr/Ph is therefore not considered a suitable parameter to assess the 
depositional environment of possible source rocks in the Prague Basin. 
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Maturity values derived from the analysis of aromatic compounds of rock extracts increase from 
~0.75% Rc in the Middle Devonian Roblín Fm. to values between 1.0 and 1.5 in the Silurian. In the 
Ordovician, values decrease with increasing maturity to about 0.7-0.8. These maturity values 
determined on soluble organic matter contrast with maturity information determined on the 
insoluble kerogen portion of OM. As decreasing maturity values with increasing depth indicate an 
impregnation of source rock samples with migrated OM from less mature sources, these values are 
not suitable for the calibration of subsequent basin modelling. The relative distribution of 
C27:C28:C29 steranes reflects the depositional environments of possible source rock horizons. 
Biomarker ratios expressing the progress of isomerisation reactions induced by thermal maturation 
[20S/(20S + 20R) and ββ/(ββ + αα)] are lower than their theoretical endpoint and do not change 
systematically with depth. This would point to a maturity level <1% VR. However, maturity levels 
determined on the kerogen of possible source rock samples are beyond the applicability of 
biomarker ratios. Therefore, this indicator on impregnation of samples with migrated SOM from 
less mature sources has to be considered with caution. 
The distribution of fluoren-9-one and its alkylated derivatives is probably related to the source of 
OM. Maturity effects appear to have minor effects on the relative distribution of fluoren-9-ones. 
These source-specific differences may be used as an alternative correlation tool. Ratios of stable 
carbon isotopes of different extract fractions and kerogen do not correlate for the analysed twelve 
source rock samples. Within the same sample, kerogen is not always isotopically heavier than the 
source rock fractions, as would be expected for corresponding kerogens and rock extracts. This 
finding is an indicator on a redistribution of organic matter as also indicated from the analysis of 
aromatic compounds and biomarkers. 
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4. Bitumens 
Findings of bitumen are widespread in petroliferous basins and can provide evidence concerning 
the hydrocarbon history of these basins (Mossman & Nagy, 1996). In the Prague Basin, bitumen 
occurrences have been mentioned as early as the last century, e.g. Jahn (1883). Though these 
bitumen occurrences prove the generation and migration of hydrocarbons in the Prague Basin, the 
hydrocarbon history of the Prague Basin has never been studied systematically before. In this 
Chapter, different occurrences of bitumen will be characterised using a combined approach of field 
work, microscopy and especially organic geochemistry and will be connected with the geological 
evolution of the Prague Basin. 
 
4.1 On the occurrence and origin of “bitumen” 
Many different definitions on what a “bitumen” is can be found in the literature. In organic-
geochemical nomenclature the term bitumen may refer to the extractable organic matter of 
sedimentary rocks, (e.g. Tissot & Welte, 1984; p. 132) and is considered as an intermediate stage 
between the insoluble kerogen and the expulsed petroleum generated in the oil window (Hunt, 
1996, p. 127). In addition to that definition, bitumen is a common name for any naturally 
occurring, allochthonous localised solid organic matter that is known from a large number of 
localities worldwide (Abraham, 1945). Synonymous to that usage of the term bitumen, 
migrabitumen, pyrobitumen, tar mat, reservoir bitumen and dead oil is used in the literature 
(Taylor et al., 1998, p. 82). In petroleum geology, bitumen reflectivity can provide valuable 
information from internals where is scarce, especially carbonate-rich and evaporitic sequences 
(Robert, 1988). 
The alteration of oil into solid bitumen can be induced by the cracking of oil into gas and solid 
(pyro-) bitumen during thermal maturation (Taylor et al., 1998, p. 83). In addition, other processes 
such as the deasphalting of oil by an increase of the gas concentration in the petroleum or 
biodegradation and water washing of crude oils in the reservoir are also known (Connan, 1984). 
Therefore, the presence of solid bitumen is not necessarily an indicator of an increased thermal 
maturity of the host rock.  
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Bitumens are common constituents in fractures of source rocks that have already generated and 
expelled petroleum (Hunt, 1996, p. 598) and occur along migration pathway. Gilsonites of the 
Uinta Basin (Utah, USA) have been extensively mined as fossil fuels and occur in subvertical 
veins up to several meters width (Hunt et al., 1954). Cobbold et al. (1999) reported veins up to 8 m 
width, 8 km length and probably several kilometers depth as occurring mostly in its shaly source 
rocks of the Cretaceous Vaca Muerta Fm. from the Neuquén Basin, (Western Patagonia, 
Argentina). In most cases the width of this bitumen veins is much smaller, usually below 1 mm. 
Littke et al. (1988) described a polygonal network of thin bitumen-filled joints from a natural 
maturity series of Toarcian carbonate source rocks of the Hils syncline in Northern Germany. In 
many overmature source rocks, e.g. the Cambrian Alum Shale of Sweden, solid bitumen with a 
high reflectivity is distributed in thin layers parallel to the bedding. These layers, interconnected 
by thin bridges perpendicular to the bedding are interpreted as oil that has been generated but not 
expelled from the petroleum source rock (Littke, 1993). Lomando (1992) gave an extensive 
literature review on the occurrence of solid bitumen in reservoir rocks and provides 
photomicrographs of solid bitumens. In porous, shallow reservoir rocks oil can be biodegraded to 
solid bitumen. The largest occurrences of these type of bitumen are known from the tar sands of 
Athabasca (Alberta, Canada) and the Orinoco delta (Venezuela). The amount of “oil” trapped in 
these reserves is >100 billion m3 and significantly exceeds the size of the largest conventional oil 
fields (Demaison, 1977). Similar occurrences of bitumen also occur in carbonate reservoir rocks, 
e.g. the Upper Jurassic oolithic limestones of the “Holzener Asphaltkalk”, Hils syncline/Northern 
Germany (Horsfield et al., 1991). 
A traditional classification scheme of solid bitumens is based on their solubility in CS2, its 
fusibility and H/C atomic ratio (Abraham, 1945; Hunt et al., 1954; Fig. 4.1). Based on optical 
properties and paragenetic associations, a multitude of other terminologies are have been defined, 
e.g. wurzilite for “insoluble” bitumen with a random reflectance <0.1% or anthraxolites associated 
H/C>1
Solid bitumens
CS2 soluble CS2 insoluble
Ozocerite Asphalt GrahamiteGilsonite
Ingramite
Albertite
Impsonite
U-nodules
fusible with
ease
fusible with
difficulty H/C<1
Pyrobitumes
 
Fig. 4.1: Traditional (generic) classification scheme for natural solid bitumens applied by Abraham 
(1945) and Hunt (1954), concept of illustration modified after Curiale (1986). 
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with uranium ores and optical properties that are influenced by the presence of radioactive 
minerals (Jacob & Hiltmann, 1985; Jacob, 1989). However, in a geochemical study on 27 solid 
bitumens from the USA, Canada, Mexico and Spain, Curiale (1986) showed that this nomenclature 
is “inadequate for anything more than a cursory classification of these materials" and “may be 
excellent for sorting museum collections of solid bitumens, (but) is of little use in establishing 
genesis”. As the clarification of this genetic aspect between bitumens, specific source rocks and 
the geological history of the Prague Basin is one of the main goals in this study, the bitumens have 
not been classified according to the traditional system of Abraham (1945). 
 
4.2 Macroscopic and microscopic investigations 
4.2.1 Field observations 
Field work in the Prague Basin was focussed on the sampling of bitumens. In total 17 outcrops 
were examined for bitumen occurrences. The selection of outcrops was based on literature records 
reviewed by Václav Suchý, and sampling was performed in a sampling campaign in April 1997. 
During this campaign, the sedimentological and tectonic characteristics of localities with bitumen 
findings and the paragenetic relationships between bitumens and host rocks were investigated. The 
distribution of bitumen occurrences is given in Fig. 4.2, and the stratigraphic position of bitumen 
occurrences is evident from Fig. 4.3. 
Bitumen was found in solid or semi-liquid states and in different geological settings. This means, 
that within one outcrop bitumens can occur in solid or semi-liquid state, in different fault and 
fracture systems, in fossil molds of cephalopods and lobolites or in vuggy porosity. To recognise 
potential differences in their optical properties and geochemical signature, these bitumens have 
been sampled separately. In addition, host rock samples for thin section petrography were also 
taken for each bitumen type. If a sufficient amount was present for each of these different bitumen 
types, they were treated separately in subsequent geochemical analyses. A tabulated list of bitumen 
samples with stage and formation of host rock, state and geological setting of bitumen is compiled 
in Tab. 4.1. 
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Thin coatings of black solid bitumen in fractures and calcite veins are the predominant paragenetic 
setting for bitumen occurrences (cf. Fig. 4.4-2 and 4.4-3). The thickness of these bitumen coatings 
did not exceed 1 mm in most of the veins However, in some localities, e.g. locality 6, Homolak 
Quarry, bitumen coatings up to 2 mm could be found. Additionally, in some localities bitumen was 
also present in fossil molds, vuggy porosity and beef calcite. Calcite veins are often associated with 
hydrothermal activities (cf. Suchý et al., 2000). In the field, three different types and states of 
bitumen are obvious: 
i) B l a c k  s o l i d  b i t u m e n s , present in all 17 localities (cf. Fig. 4.5.a-c, e). Droplet-
shaped findings of solid bitumen and spherical confinings of solid bitumen seen under the 
microscope prove the previously liquid nature of this solid material (cf. 4.5-e, 4.6-b). 
ii) S e m i - l i q u i d ,  o r a n g e  t o  g r e e n i s h  b i t u m e n s  with a conspicuous 
waxy consistency (Fig. 4.4-2, shown in dots; Fig. 4.5-f). Semi-liquid, i.e. highly viscous 
bitumen is always associated with black solid bitumen and has been emplaced in a later 
stage. In most cases it is separated from black solid bitumen by a thin layer of yellowish 
 
Fig. 4.2: Sketch map of bitumen occurrences within the Prague Basin. Black solid bitumen is present in 
all localities. If other bitumen states were present, these states were used to index the locality. 
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and milky calcite containing abundant petroleum inclusions and angular fragments of solid 
bitumen (Fig. 4.4-2) 
Semi-liquid bitumen was found in six outcrops. No regional preference is evident for the 
distribution of this bitumen type (cf. Fig. 4.2). In most of these outcrops black solid 
bitumen prevails   	
   	
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dominant type of bitumen. In this abandoned quarry largest absolute quantities of bitumen 
were found. More than 100 g material were recovered from only a few veins. 
iii) G r e e n i s h ,  w a x y  o i l s  were found exclusively in locality 4 (Kosov Quarry). 
The vivid colour darkens quickly when they were exposed to air. The oil occurs in 
fractures and fossils enclosed in large geodes with a diameter up to 50 cm that weathered 
from the organic-rich shales of 
 ! 
 
Fig. 4.3: Stratigraphic distribution of different bitumen findings. Most of the bitumens occur at the 
Silurian-Devonian boundary sequence. Black solid bitumen is present in all localities. If other bitumen 
states were present, these states have been used to index the bitumen locality. For position of localities, 
see Fig. 4.2. 
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Most of the bitumen occurrences were concentrated on the Silurian/Devonian boundary sequence, 
"	#$				
	%&!		'

levels were restricted to locality 11 (Cephalopode Quarry, Kopanina Fm.) and locality 4 (Kosov 
( !G46	'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!	  "+%
  	
finding from a stratigraphic level younger than Lochkov Fm. A bitumen finding in Ordovician 
strata, exclusively reported by Králik et al. (internal report Czech Geological Survey, 1960), was 
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(also see Volk et al., 1998; internal report FZ Jülich 501898, 1998). It is not coincidental that 
bitumen findings are concentrated within the most prolific source rocks. This is especially true for 
bitumen-!	
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Bitumen findings in the Upper Lochkovian or in higher stratigraphic units are always emplaced in 
fracture systems and in calcite veins. 
Bedding-parallel veins cemented with fibrous, radial-radiaxial cements have been described as 
“beef calcite” (cf. Fig. 4.4-1 and 4.5-c) and are thought to have formed under lithostatic 
 
 
Fig. 4.4: Sketch of paragenetic relationship between bitumen findings and host rocks. 1. Bed-parallel 
vein of a fibrous “beef calcite”; 2. Late diagenetic, bed-perpendicular vein mineralised with bitumen, 
idiomorphic quartz and coarsely crystalline milky calcite. Semi-liquid waxy substance (shown in dots) is 
locally present in the central part of the vein; 3. Late-stage tectonic fracture coated with a thin 
bituminous blanket; 4. Lobolite (floating organ of crinoids), partly filled with bitumens; 5. Orthoceras 
shells, partly filled with bitumen; 6. Vug coated with saddle dolomite, quartz and bitumen. Not to scale, 
figure reproduced from Suchý et al. (internal report 501998, 1998). 
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overpressure conditions (Stoneley, 1983). In addition to an overpressure regime due do rapid 
subsidence of lithologic units sealed in relatively impermeable strata, Stoneley (1983) mentions the 
generation of hydrocarbons as possible source of overpressure. This is especially pertinent for beef 
calcites filled with b
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radial-radiaxial calcite cements, abundant petroleum inclusions are present. However, beef calcites 
do not necessarily contain bitumen fillings. For example, in beef calcites of the relatively 
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occurrences were found. In contrast to the lenticular beef calcites in bedded limestones of the 
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regular shape and can be followed as bands with a thickness up to 4 cm over several meters on 
walls of the quarry. 
Fossil molds filled with bitumen were concentrated in the “Scyphocrinites horizon”. Especially 
prospective for the search of bitumens were orthoceras cones (cf. Fig. 4.4-5) and lobolites (cf. Fig. 
4.4-4), i.e. floating organs of blastoid crinoids. The Scyphocrinites horizon is a packstone -
floatstone marker bed intercalated in the mudstone – wackestone limestone beds of the Uppermost 
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!
	
!%	!!		
of shallow-marine carbonates deposited on the proximal slope of the Svatý Jan and Nová Ves 
volcanic complexes (Suchý et al., 1996). In distal position of the slope the thickness does not 
exceed 30-40 cm (e.g. locality 13; Klonk section), whereas in proximal positions the thickness can 
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centre of Svatý Jan, the thickness of the Scyphocrinites horizon is ca 2 m, in locality 10 
			%$     '	 '		 	  %	
anic centre of Nová Ves, the thickness can 
reach several meters. This carbonate horizon is the only known horizon in the Prague Basin that 
could have served as a petroleum carrier rock prior to cementation (cf. section 4.2.2). 
Bitumen in vuggy porosity was found in three localities. In the crinoidal packstones – grainstones 
of the Slivenec Fm. (locality 9) only few vugs were filled with bitumen, these bitumen occurrences 
in vugs are clearly subordinate to bitumen occurrences in veins and fractures. In locality 2 
(Dolomite Quarry) and 3 (Svatý Jan pod Skalou) vugs are hosted in xenotopic replacement 
dolomite, vugs are coated with sparry saddle dolomite (cf. Fig. 4.4-6, Fig. 4.5-b, Fig. 4.6-a-b). 
Bitumen emplacement post-dates the crystallisation of saddle dolomite. As a last mineralisation 
stage, up to 4 mm long, elongated smoky quartz crystals with a stalky habit and containing 
abundant petroleum inclusions occur. 
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Fig. 4.5: Macroscopic characteristics of bitumens from the Prague Basin. 
a) Fractures filled with black solid bitumen are the most frequent paragenetic setting of bitumen 
occurrences. Orange waxy bitumen emplaced as a younger phase in the centre of the vein mineralisation 
is not visible. Homolak Quarry, Lochkov Fm.  
b) Black solid bitumen (1) filling vuggy porosity in xenotopic dolostones (3). Vugs are coated with saddle 
dolomite, smoky quartz crystals occurring as the youngest stage of mineralisation contain abundant PI 
(2). Dolomite Quarry, Lochkov Fm.  
c) Black solid bitumen occurring in bedding-parallel fractures cemented with fibrous, radial-radiaxial 
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d) Greenish waxy oils in geodes weathered from organic-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e) Droplet-shaped solid bitumen findings reflect the formerly liquid nature of now solid black bitumen. 
Cikanka Quarry, Slivenec Fm.  
f) (%)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Tab. 4.1: List of bitumen samples with sample characteristics and identification code. 
 
Location*, location name 
and abbreviation 
Stage and Formation Lab.- 
No. 
State Occurrence in 
(1) Marble Quarry (MQ) Pridoli	"	#$ E 46147 
E 46148 
E 46149 
 
solid 
solid 
solid 
fractures 
orthoceres 
lobolites 
(2) Dolomite Quarry (DQ) "!	7''	"	#$ E 46150 
 
solid vugs and fractures 
(3) Svatý Jan pod Skalou 
(SVJ) 
"!	7''	"	#$ E 46151 
 
 
solid fractures and vugs 
(4) Kosov Quarry (KQ) !	%81	
  E 46152 
 
 
liquid, greenish geodes, orthoceres, 
fractures 
(5) .$ %(3( "!	"	#$ E 46153 
 
E 46156 
 
solid 
 
solid 
lobolites, orthoceres, 
fractures 
“beef calcites” 
(6) Homolak Quarry (HQ) Lochkovian, Lochkov Fm. E 46157 
E 46158 
solid 
semi-liquid, 
greenish – yellow 
 
fractures 
fractures 
(7) G46		 (G46+( "!	"	#$ 
 
 
E 46159 solid 
 
fractures 
(8) $	9	
(CG) 
Pridolian / Lochkovian, Uppermost 
"	#$	owermost Lochkov 
Fm. 
E 46160 
 
E 46161 
semi-liquid, waxy, 
orange 
solid 
 
fractures 
 
fractures 
(9) Cikánka Quarry 
(CKQ) 
Lochkovian Radotín Fm. 
Pragian Slivenec Fm. 
E 46162 
E 46163 
solid 
solid 
 
fractures 
fractures, vugs 
(10) 			%$ + Pridolian, Uppermost "	#$ E 46166 solid and semi-
liquid 
 
fractures 
(11) Cephalopode Quarry 
(CQ) 
Ludlowian, Uppermost Kopanina 
Fm. 
E 46167 solid 
 
 
thin coatings on 
fractures 
(12) Malkov Quarry 
(MKQ) 
 
Lochkovian, Lochkov Fm. E 46168 solid 
 
thin coatings on 
fractures 
(13) Klonk section (KL) "!	7''	"	#$ E 46169 solid 
 
 
thin coatings on 
fractures 
(14) Cement Bohemia (CB) 
 
Lochkovian (?), Lochkov Fm. E 46170 solid fractures 
(15) Podolí-Dvorce (PD) "!	7''	"	#$ E 46171 
E 46172 
 
E 46173 
solid 
solid and semi-
liquid 
solid 
 
orthoceres 
lobolites 
 
fractures 
(16) 6! $$6+ 
 
  
"!	"	#$ E 46174 
E 46175 
semi-liquid 
solid 
 
orthoceres 
orthoceres and 
fractures 
(17) 	%+
	!
Quarry (VCS) 
Lochkovian, Lochkov Fm. E 46176 solid fractures 
*see Fig. 4.2 
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The majority of fractures with bitumen occurrences are oriented in NS or NW-SE direction. Zeman 
& Suchý (1998) associated NS-trending faults with large-scale lineaments crosscutting the whole 
Czech republic and all tectono-structural units. These authors postulate large fluid movements 
along the faults, giving rise to numerous hydrothermal caves, veins and “gas shows”. However, on 
a LandSat 5 TM image (date 11/03/95) evaluated in this study NS-trending structures are not the 
dominant structures in the Prague Basin (cf. Appendix A). In a study focussed on the Silurian and 
Devonian part of the Prague Basin, Suchý et al. (2000) provided data on the salinity and isotopic 
composition of fluids that were present during the healing of large, extensional calcite veins. Some 
of the localities of their and this study are identical, although the veins that have been samples in 
both studies are not identical (locality 4, 8, ,9, 10, 14 and 17). In which way young hydrothermal 
activities control the distribution of bitumen occurrences is still under debate (Suchý et al., 2000). 
R é s u m é :  
17 localities with bitumen occurrences in Silurian and Devonian strata were sampled and 
investigated. These bitumens were hosted in veins, fossil molds of orthoceres and lobolites, and 
vugs. Three different types and states are obvious: i) Black solid bitumen that is present in all 17 
localities, ii) semi-liquid waxy bitumen that is always associated with black solid bitumen and has 
emplaced at a later stage and iii) greenish waxy oils that were found in locality 4 (Kosov Quarry) 
exclusively. Stratigraphically, most findings of bitumen are hosted close to the Silurian/Devonian 
	! : 	 	
  '
 	! ! 	  	 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  
youngest Silurian formation) or Lochkov (i.e. the oldest Devonian formation) Fm., respectively. 
Thus the majority of bitumens is hosted in the most prolific source rocks themselves. 
 
4.2.2 Observations on paragenesis and migration of organic matter 
Petrography was carried out to constrain hydrocarbon migration processes and to clarify the timing 
of cementation, migration and fracturing. The focus of this study is the characterisation of bitumen 
findings and its relationship with cementation and veining. Most of the bitumens were hosted in 
limestones and were associated with fracture systems and calcite veins. It is beyond the scope of 
this study to provide a systematic characterisation of the facies-related and diagenetic evolution of 
all bitumen host rock units. Moreover, synsedimentary tectonic activities coupled with submarine 
volcanism resulted in a complex distribution of depositional environments -'$/;;. Only 
characteristics relevant to the migration of hydrocarbons are outlined. 
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Optical characterisation of bitumens has been carried out on the same samples as used for 
geochemical analysis. Results of these analyses are based on observations by Ivana Sykorova 
(Academy of Science of the Czech Republic). More detailed information including 
photomicrographs can be found in Mann et al. (internal report 501798, 1998). For black solid and 
semi-liquid bitumen the following characteristics can be summarised: 
• S o l i d  b i t u m e n s  yielded reflectance values (Rr%, measured in oil immersion) 
between 0.80 and 2.02%. Bitumens with reflectivity values <1.0% are optically isotropic and 
fluoresce when exited with ultraviolet light. Bitumens with a reflectivity >1.0% do not 
fluoresce and are optically anisotropic (Rmin 1.0 to 1.5%, Rmax 1.6 to 3.7%). 
• S e m i - l i q u i d  b i t u m e n  is always associated with solid bitumen. It fluoresces 
when exited with ultraviolet light. Reflectance values, determinable on some samples only, 
are very low ranging between 0.1 and 0.2% Rr.  
Lateral variations of reflectance values from black solid bitumen suggest an increased maturity for 
the eastern part of the Prague Basin (Mann et al., internal report 501798, 1998). Reflectivity values 
from solid and semi-liquid bitumen differ significantly. Low reflectance values from semi-liquid 
bitumen indicate that waxy bitumen has not been thermally overprinted. The timing of wax 
emplacement therefore clearly post-dates maximum burial temperatures. 
A finding of bitumen in the          (Llandoverian and Wenlockian, Lower Silurian) was 
restricted to geodes weathered from organic-rich shales (cf. section 3.1). Geodes nucleated on 
fossils, predominately graptolites and orthoceric cephalopods. Faint fractures in these geodes have 
been identified as migration pathways for the majority of geodes containing bitumen. Fossils were 
mostly pyritised and are well preserved. The three-dimensional preservation stages of graptolites in 
geodes points to a very early diagenetic formation of bitumen-containing geodes. 
Findings of bitumen in the Ludlowian K o p a n i n a  F m .  (Upper Silurian) were restricted to 
locality 11 (Cephalopode Quarry, cf. section 3.1). At this locality, the Kopanina Fm. is developed 
in a limy facies deposited on the distal slope of the volcanic centre Nová Ves. Orthoceras cones in 
vast numbers are deposited in these dark micritic limestones, the quarry originates from the 
activities of fossil collectors. All orthoceras shells were cemented with coarse-grained blocky 
calcite. However, in contrast to orthoceras cones found in the'
"	#$!
Lochkov Fm., none of the crushed orthoceras cones contained bitumen. Black solid bitumens in 
this locality were found as thin coatings in calcite veins. Petroleum inclusions are also restricted to 
calcite veins. This indicates that bitumens have probably migrated into the Kopanina Fm. from the 
!<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 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the cementation of orthoceras cones predated migration. 
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Fig. 4.6: Microfacial and diagenetic characteristics of bitumen host rocks. 
a) Dolostones built from xenotopic dolomites (1) with vugs coated with saddle dolomite (2). Dirty cores 
of saddle dolomites contain aqueous and PI. At a later stage, bitumen intruded into these vugs (3). 
Idiomorphic, smoky quartz crystals (not visible) are the youngest mineralisation stage. Quartz 
crystals contain abundant PI, aqueous inclusions are rare. Some inclusions contain aqueous and 
petroleum fluids within one single inclusion (cf. 3.5.c-d, KQ2-Qz). 
TS 2.2.1, Dolomite Quarry (2), II Nicols
b) Spherical confinings of black solid bitumen prove the previously liquid nature of black solid bitumen 
(1). Saddle dolomites show diagnostic spherical confinings (2). Open vuggy pore space has not been 
blocked by granular cements, an enlargement of vugs is inferred to influences of meteoric water (3). 
TS 2.2.1, Dolomite Quarry (2), II Nicols
c) Wackestone (1) crosscut by beef calcite (2), i.e. bedding-parallel fractures filled with radial-
radiaxial cements and bitumens. Radial-radiaxial cements contain numerous petroleum inclusions. 
Cleavage planes are curved, dull crystals show undulous extinction with crossed Nicols. Beef calcite 
is an indicator of overpressure conditions.  
76äDN Y4XDUU\X Nicols
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Most of the bitumens were found in the S i l u r i a n  –  D e v o n i a n  b o u n d a r y  
s e q u e n c e . The Silurian – Devonian boundary is situated in a succession of continuously 
deposited sediments that made the Prague Basin a suitable area for the definition of type localities 
of these two systems. This is especially true for the Hercynian facies, a calm water basin facies that 
has only episodically been influenced by the deposition of distal slope sediments. A 
lithostratigraphic di		7''	"	#$!			
	%
not possible in the field. The facies development of the Silurian – Devonian boundary sequence has 
been characterised in great detail on sample material from the research borehole Klonk-1 (Herten et 
al., internal report FZ Jülich 501119, 1999). In this borehole, the Silurian/Devonian boundary 
coincides with a significant shift of the δ13C stable carbon isotope signature towards heavier values. 
However, this isotopic shift is not documented in the lithologic record of the section. Bitumen 
findings in yellowish calcite veins together with the occurrence of petroleum inclusions were 
abundant at this locality. This indicates a fracture-bound migration of hydrocarbons for the 
=

	"	#$!	
	% 
The special importance of the S c y p h o c r i n i t e s  h o r i z o n  7''	"	#$
already been pointed out in section 4.2.1. On samples and thin sections from locality 16 
6! $$!	
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
	
!!		>	
has been investigated. Principal compounds of this packstone – floatstone marker bed are 
echinoderms (predominately fragments of Scyphocrinites sp.), brachiopods, segments of trilobites, 
orthoceras cones and lobolites. Present-day porosity is restricted to fossil molds, bitumen findings 
are concentrated in these molds. Orthoceras cones have geopedal fills of fine-grained internal 
sediments, the remaining porosity has been cemented with brownish, blocky calcite. These blocky 
calcite cements contain abundant petroleum inclusions that exhibit greenish fluorescence colour 
when excited with ultraviolet light. Remaining pore space is blocked with black solid bitumen (cf. 
d) Calcite vein crosscutting wackestones – packstones (1) of the Lochkov Fm. Calcite vein is cemented 
with palisade cements (2), followed by granular calcites containing abundant fragments of black 
solid bitumen with spherical and angular confinings (3). A chert (4) containing idiomorphic dolomite 
crystals up to 30 µm is crosscut by the calcite vein. Clay minerals and organic matter is accumulated 
on vertical stylolites (5). 
TS 15.2, Cement Bohemia (14), II Nicolses
e) Orthoceras shell (1) in micritic limestone (2) of the Pridolian – Lochkovian boundary sequence. 
Orthoceras cone has been cracked on stylolitic fracture, bitumen migration pathways can be tracked 
along this fracture system (3). Spherical compounds are calcispheres (4), indicative for an open 
marine environment. 
76ýHUQDURFNOLþND4XDUU\II Nicols
f) Recrystallised wall of orthoceras cone points to a primary aragonitic mineralogy (1). Orthoceras is 
cemented with granular, brownish calcite cements containing abundant PI (2). Residual porosity has 
been filled with black solid bitumen (3), semi-liquid waxy bitumen found in fractures crosscutting the 
adjacent host rocks have not been found in fossil molds of this locality.  
76ýHUQDURFNOLþND4XDUU\II Nicols
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Fig. 4.6-f). In some fossil molds also semi-liquid bitumen is present. Migration pathways in the 
Scyphocrinites horizon can be tracked on thin fractures and bedding-parallel stylolites (cf. Fig. 4.6-
e). In addition, petroleum inclusions can be found in syntaxial overgrowth cements on echinoderm 
fragments. Hence hydrocarbons have also been present in the pore space during times of 
cementation. From the observed distribution of bitumen and petroleum inclusions, the 
Scyphocrinites horizon has been identified as the only known potential carrier rock in the Prague 
Basin. However, the concentration of bitumen and petroleum inclusions in fractures and stylolites 
points to a more significant role of fracture migration compared to migration in pore space. The 
presence of petroleum inclusions in diagenetic carbonate cements is inferred to local, bedding-
''!
		'		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Lochkov Fm. 
Bitumen occurrences in i s o l a t e d  v u g s  are restricted to locality 2 (Dolomite Quarry) and 3 
(Svatý Jan pod Skalou). Both occurrences are hosted in vugs in dark xenotopic replacement 
!			"	#$?'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pyrite. Vugs are coated with sparry saddle dolomite. Bitumen intruded into the vugs after the 
precipitation of saddle dolomite. For saddle dolomites from Dolomite Quarry, Suchý et al. (1996) 
reported light isotopic values ranging from –5.0 to –8.0‰ δ 18O and 1.5 to 0.5‰ δ13C (PDB). The 
last mineralisation stage in both localities are idiomorphic, elongated smoky quartz crystals up to  
4 mm. A paragenetic relationship as outlined above is a typical remnant of a thermo-chemical 
sulphate reduction (e.g. Machel, 1987; Sassen, 1988; Worden et al., 1996). In this process, 
sulphates from evaporites react with oil over an inter-step of elemental sulphur and polysulfides to 
form H2S and CO2, (Orr, 1974). In both localities the depositional environment shallow water in 
proximity to volcanic complexes. Thus the initial presence of evaporitic sulphates is very probable. 
The isotopically light values of associated saddle dolomites might originate from the light isotopic 
values of organic carbon from petroleum that has been degraded to CO2 and has been incorporated 
in carbonate cements.  
The occurrence of bitumen in stratigraphic levels y o u n g e r  t h a n  L o c h k o v  F m .  is 
restricted to locality 9 (Cikánka Quarry). In the lower part of this quarry, bitumen is hosted in 
calcite veins crosscutting dark wackestones of the Lochkovian Radotín Fm. (cf. Fig. 4.5-e). This 
occurrence resembles bitumen occurrences in the nearby Cement Bohemia Quarry (locality 14). In 
the upper part of the quarry bitumen is hosted in calcite veins crosscutting reddish crinoidal 
packstones and grainstones of the Slivenec Fm. Bitumen findings in vuggy porosity were rare and 
were closely associated with calcite veins containing bitumen. Thin section petrography did give no 
evidence on the occurrence of petroleum in the pore space of the Slivenec Fm. Neither bitumens 
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nor petroleum inclusions could be detected microscopically in samples that where not crosscut by 
calcite veins. 
R é s u m é :  
The optical properties of black solid and semi-liquid bitumen differ significantly. Whereas the solid 
bitumens yielded reflectance values between 0.80 and 2.02% Rr and showed optical anisotropy at 
reflectance values >1.0%, semi-liquid bitumens showed a very low reflectance between 0.1 and 
0.2% Rr and were optically isotropic. Fluorescence was restricted to bitumens with reflectance 
values <1.0% Rr:		
	
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Fm., respectively. In locality 4 (Kosov Quarry), undeformed fossils in geodes weathered from the 
'		 '	%e an early diagenetic generation of these nodules containing 
greenish oils. In locality 11 (Cephalopode Quarry), bitumens occur exclusively as thin coatings in 
veins. As orthoceras cones occurring in vast numbers in this quarry do not contain bitumens or 
petroleum inclusions, the bitumen probably migrated into the Kopanina Fm. from the adjacent 
  ! "	#$  0	  !  !   7''	 "	#$  	
Lowermost Lochkov Fm., this means in the Silurian/Devonian transition interval. In addition to 
bitumen occurrences in veins, fossil molds are also often filled with bitumen. This is especially true 
for the Scyphocrinites horizon, a packstone – floatstone marker bed that has been identified as the 
only known potential carrier rock within the Prague Basin. The paragenetic setting of bitumen 
hosted in vugs that are coated with saddle dolomite with a light isotopic composition points to the 
involvement of thermo-chemical sulphate reduction processes in localities 2 (Dolomite Quarry) and 
3 (Svatý Jan pod Skalou). Thin section petrography supports the dominant role of fracture-bound 
migration of hydrocarbons for all bitumen localities. Petroleum in the pore space could only be 
proved for samples from the Scyphocrinites horizon. Hence, carrier rocks sensu strictu and 
reservoirs are absent in the Prague Basin. 
 
4.3 Geochemical characterisation of bitumen 
To track the migration of hydrocarbons within the Prague Basin, bitumens were extracted and 
subjected to geochemical investigations. Solid and semi-liquid bitumen as well as bitumen from 
differing paragenetic settings within one locality have been extracted separately to recognise 
potential differences in their geochemical signature. This led to a total of 26 bitumen extracts. An 
overview on bitumen localities, extracted bitumen samples, their macroscopic characteristics and 
occurrence is given in Tab. 4.1. 
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4.3.1 Solubility of bitumens 
Because bitumens occur mostly within source rock horizons themselves and are associated with 
crystals bearing petroleum inclusions, bitumens have been separated mechanically from their host 
rocks using paleontological preparation tools. To avoid mixing of geochemical information from 
host rocks, petroleum inclusions and bitumens, 10 to 30 g host rock with adherent bitumen were 
extracted in a Soxhlet system without previous grinding. From these extractions 5 to >160 mg 
extract per samples were recovered. Because the grade of mechanical separation was very different, 
the relative yield of soluble organic matter is not representative for the type of extracted bitumen. 
For example black solid bitumen from vugs and fractures in epigenetic dolomite from Dolomite 
Quarry (E 46150) has been extracted as a more or less pure powder of black solid bitumen and 
yielded 2.5 mg/g sample, whereas the greenish oils from geodes in the organic-
 
extracted from coarse-grained rock chips with adherent spills of oil on its surface and yielded 1.5 
mg/g sample. When opening the extraction cartridges after the Soxhlet extraction, greenish oils or 
waxy bitumen were not visible on the extracted rock chips. In contrast, black solid bitumen powder 
was still present after the extraction of the sample. Considering the extraction yield of a more or 
less pure bitumen powder is only 72% higher than the yield from stains of semi-liquid bitumen on 
course-grained rock chips, it must be assumed that the solubility of semi-liquid bitumen is 
substantially higher than the solubility of black solid bitumen. 
 
4.3.2 Relative distribution of compound classes 
Bitumen extracts were fractionated using the same H-MPLC system applied on possible source 
rock extracts. Relative and absolute yields of this fractionation are given in Appendix F. The 
distribution of H-MPLC compound classes (cf. Fig. 2.2) showed a relationship between 
macroscopic characteristics of the extracted bitumens, their stage of preservation and their 
viscosity. Most of the samples could be classified in the following three patterns (cf. Fig. 4.7 and 
Tab. 4.1). 
• P a t t e r n  I  is most frequently, but not exclusively found for semi-liquid bitumen. The 
dominant fractions are aliphatic hydrocarbons and, to a smaller extent, aromatic 
hydrocarbons. Examples for these distribution patterns are samples E 46152 (Kosov Quarry), 
E 46157 and E 46158 (Homolak Quarry) as well as bitumen extracts from the abandoned 
quarry Podolí-Dvorce (E 46171, E 46172, E 46173). For sample E 46160, an orange waxy 
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Although sample E 46174, a semi-@!	6! $lded an elevated 
portion of low polarity NSO compounds, it also showed a close affinity to pattern I. 
The elevated amounts of free acids and low polarity compounds in some of the samples 
indicates weathering effects, as carboxylic acids and ketones are typical products of 
microbial degradation and elute in those fractions (Behar & Albrecht, 1984; Hunt, 1996, p. 
415). 
• P a t t e r n  I I  is frequently found for black solid bitumens. Besides a dominant portion of 
aliphatic and aromatic hydrocarbons, a relatively high portion of high polarity NSO 
compounds, ranging between 32 and 42 weight % of total extract, were found. Examples for 
this distribution pattern are samples E 46147 (Marble Quarry), E 46163 (Cikanka Quarry, 
Slivenec Fm.), E5/55			%$$ !A5/BC-6	4%
high portion of high polarity NSO compounds might be related to a selective accumulation 
or generation of these compounds during thermal degradation, biodegradation, water 
washing or migration. 
• P a t t e r n  I I I :  In most cases, samples with an increased portion of the low polarity 
NSO compound fraction show also an elevated portion of free acids >6 weight %. Examples 
for this distribution pattern are samples E 46148 (Marble Quarry), E 46150 (Dolomite 
(A5/ /+%DEA5/ &.$ %(!A5/B 6! $4
elevated amount of acids and ketones can be interpreted as an indicator on biodegradation. 
In between these patterns, mixtures occur. Although some correlation between patterns based on 
bulk compound class distributions and the macroscopic characteristics of the bitumens can be seen, 
this correlation is not unequivocal. Pattern I is almost exclusively restricted to semi-liquid 
bitumens. An exception to this general observation is sample E 46157, a black solid bitumen from 
locality 6 (Homolak Quarry), and the black solid bitumens found in orthoceres (E 46171) and 
fractures (E 46172) of locality 16 (Podolí-Dvorce). Sample E 46172, recovered from lobolites, is a 
mixture of solid and semi-liquid bitumen, as these two bitumen types were mixed intimately and 
could not be separated mechanically. The fractionation pattern is probably derived from the semi-
liquid bitumen portion. Pattern II is almost exclusively restricted to black solid bitumens. An 
exception herein is the sample E 46166, like sample 46171 also a mixture of semi-liquid and solid 
bitumen. In this sample, the observed fractionation pattern must probably be attributed to the black 
solid bitumen portion. Pattern III was restricted to black solid bitumens from various paragenetic 
settings. In later gas chromatographic analyses (cf. section 4.3.3), the aliphatic fraction of these 
samples showed a pronounced hump of Unresolved Complex Mixture (UCM). This supports the 
relationship with weathering effects that has been postulated above.  
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Two samples from outcrops where bitumen is only present as thin black coatings on fractures and 
rock chips (E 46167, E 46169), could not be classified to one of these fractionation patterns or a 
mixture between these. Sample E 46169 (locality 13, Klonk section) was dominated by low 
polarity heterocompounds, making up 54 weight % of the extract. This sample was shown to be 
contaminated with recent organic matter in subsequent organic-geochemical studies. The extract of 
sample E 46167 (locality 11, Cephalopode Quarry) consisted of 67 weight % basic compounds. 
This finding has to be noted with caution, as the extraction yield of this sample was the lowest of 
all bitumen samples (5.13 mg). Therefore, the determination of relative weight portions is more 
prone to reflect analytical artefacts, e.g. by co-weighing silica gel eluted in the basic fraction, than 
in samples with higher extraction yields. 
f r a c t i o n s f r a c t i o n s
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Fig. 4.7: Typical patterns of bulk compound class distributions of bitumen extracts. 
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4.3.3 Preservation stage of bitumen extracts 
The analysed bitumen samples were taken from outcrops. Therefore, it can be expected that these 
samples have been influenced by meteoric waters circulating in the shallow sub-surface. 
Commonly freshwater influences are accompanied with microbial biodegradation and water 
washing (Connan, 1984; Peters & Moldowan, 1993, p. 252). Already in the field it was clear that 
the preservation stage of the bitumens varies considerably. In some outcrops, the black colour of 
bitumens is bleached to a brownish colour. This is especially true for thin bitumen coatings for 
locality 3 (Svatý Jan Pod Skalou), 11 (Cephalopode Quarry), 12 (Malkov Quarry) and 13 (Klonk 
section) and bitumens occurring in vuggy porosities in crinoidal packstones of the Slivenec Fm. in 
locality 9 (Cikánka Quarry). With the exception of locality 9, these outcrops are situated in 
abandoned quarries or in natural outcrops, where weathering influences have had more time to alter 
bitumens than in the active quarries. The bitumens from localities where also semi-liquid waxy 
bitumens were found appear macroscopically less degraded . 
Gas chromatograms from bitumen extracts often showed a significant “hump” or Unresolved 
Complex Mixture (UCM). This UCM is frequently interpreted as an indicator of microbial 
biodegradation or water washing (Connan et al., 1980; Palmer, 1993). Though the thermal 
alteration of live oils into black solid bitumen (dead oil) increases the portion of non-resolvable 
aliphatic compounds, this alteration cannot attribute to the hump that has been detected in some of 
the samples. In a study on 27 solid bitumens of various origins and types, Curiale (1986) showed 
that solid bitumen from a mature source unit will have n-alkanes in strong relative concentrations 
and only a minor (if any) baseline hump. In contrast, chromatograms of aliphatic fractions of 
biodegraded, mature bitumens are characterised by a significant baseline hump. 
Water washing leads to a preferential loss of the more soluble hydrocarbons as methane, ethane, 
benzene and toluene. Biodegradation is induced by micro-organisms consuming hydrocarbons for 
energy gain. Very often these two processes go hand-in-hand. Typical metabolites of 
microbiological oxidation of hydrocarbons are ketones, alcohols and carboxylic acids (Hunt, 1996, 
p. 415). Most biodegrading microbiota are limited to a temperature regime below 80°C (Connan et 
al., 1980, Connan, 1984), though thermophilic archaebacteria are known to tolerate temperatures 
up to 110°C (Peters & Moldowan, 1993, p. 252). Generally biodegradation is understood as a 
stepwise process, where different compounds are degraded in a specific order. Based on this 
concept, Peters & Moldowan (1993, p. 252 ff) developed a ranking scale differing ten stages of 
biodegradation ranging from “light” to “severe”. Biodegradation results in a depletion of n-alkanes 
prior to significant alteration of any other compound class. Therefore, biodegraded oils will show 
Results Bitumens 79 
higher pristane/n-C17 and phytane/n-C18 values (ISO 1 and ISO 2) than related, non-biodegraded 
oils. This has been shown in numerous case histories, e.g. in the Aquitaine Basin (Connan et al., 
1980), or in the Williston Basin (Saskatchewan, Canada, Bailey et al., 1973). 
The molecular composition of the aliphatic fraction of bitumen extracts was analysed using gas 
chromatography. These measurements allowed the quantitative determination of C15+ n-alkanes and 
the isoprenoids pristane and phytane. Analytical aspects of these measurements are outlined in 
section 2.3, gas chromatograms are shown in Appendix P. 
In the analysed set of samples, a significant hump of UCM occurs exclusively in extracts of black 
solid bitumens (cf. Appendix. P and Fig. 4.8). On top of this baseline hump n-alkanes can be found 
in any of the samples. Chromatograms of semi-liquid bitumens did not show a hump of UCM (Fig. 
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Fig. 4.8: Gas chromatograms of the aliphatic fraction of bitumens with different preservation stages. 
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4.8). An exception to this observation are semi-liquid bitumens from fractures in locality 5 
(Homolak Quarry). However, in contrast to solid bitumens from the same locality, the hump is 
significantly lower. Therefore, it is assumed that the hump in this sample can be attributed to 
particles of solid bitumens that could not be removed quantitatively from the semi-liquid bitumen. 
Although the macroscopic impression of degradation is backed up by gas chromatograms of the 
aliphatic fraction for the samples mentioned above, also black solid bitumens that convey a “fresh” 
impression may show a significant hump. 
Samples with a significant hump of UCM often had an increased relative amount of low polarity 
compounds and acids (fractionation pattern III, cf. section 4.3.2). Ketones and carboxylic acids 
eluting in these fractions are common products of biodegradation (Hunt, 1996, p. 415). Therefore, 
the chromatography of aliphatic fractions supports the presumption that samples fractionating in 
pattern III are biodegraded. 
Maximum values of ISO 1 and ISO 2 are 1.41 and 0.87 (E 46153). This does not indicate a high 
degree of degradation even for the most degraded samples, as the relative amount of the 
isoprenoids pristane and phytane does not or not significantly exceed the amounts of n-paraffins. 
According to the classification scheme of Peters & Moldowan (1993, p. 245), this corresponds to a 
level 2 degradation only. However, these authors do not address the applicability of their ranking 
system on the biodegradation of mature, black solid bitumens. 
R é s u m é :  
Bitumen samples show a variable degree of biodegradation and water washing. The occurrence of a 
significant baseline hump is restricted to black solid bitumens. Semi-liquid bitumen did not or 
hardly show a baseline hump, indicating no or only a minor degree of biodegradation. Samples 
where the black bitumens are bleached to brownish colours show the strongest hump of UCM. In 
addition, also samples that convey a macroscopically “fresh” impression can show a strong hump 
of UCM. Even in samples with a strong baseline hump n-alkanes are present. The peak height of 
the acyclic isoprenoids pristane and phytane is higher that the peak height of n-C17 and n-C18 only 
in one example. This indicator on a low degree of degradation contrasts with the high amounts of 
UCM found in some of the samples. 
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4.3.4 Bitumen groups based on the distribution of n-alkanes, pristane and 
phytane 
Based on the distribution of n-alkanes, and to some extend also on the relative abundance of 
pristane and phytane in the extractable organic matter, bitumens have been classified in three 
distinct bitumen groups BI-B, BI-C and BI-D and mixtures BI-M between these groups. The 
bitumen group BI-A has not been assigned, as this group A is used to designate original live oils 
prior to the thermal alteration into black solid bitumens and waxy semi-liquid substances. These 
live oils are preserved exclusively in petroleum inclusions, their geochemical characteristics will be 
outlined in Chapter 5. 
Absolute yields of n-alkanes, pristane and phytane are given in Appendix J, geochemical 
parameters based on relative distributions are provided in Appendix G. Column diagrams with the 
distribution of aliphatic compounds from gas chromatography are depicted in Appendix S. Each 
bitumen group is defined after a characteristic maximum in the distribution of the n-alkane 
envelope. The classification of different bitumens into groups and mixtures is given in Tab. 4.1. In 
this table, the plot index indicates the group assignment of each sample. The detailed group index 
expresses semi-quantitatively the “purity” of the group assignment with three characters in 
decreasing significance. The fractionation pattern in this table refers to fractionation patterns as 
outlined in section 4.3.2. Gas chromatograms of typical representatives for these bitumen groups 
are shown in Fig. 4.9. A ternary plot of normalised characteristic n-alkane groups is given in Fig. 
4.10. The classification of bitumen groups can be summarised as follows: 
• G r o u p  B I - B  is characterised by a maximum in the concentration of n-alkanes 
between n-C17 and n-C20 and a slowly decreasing portion of n-alkanes towards n-alkanes 
with higher carbon numbers (Fig. 4.9.a). This bitumen group is typical for extracts from 
black solid bitumens from fractures. Clearest representatives, i.e. samples without 
characteristics mediating to other groups and assigned with the detailed group index BBB, 
have been found for five samples E 46157, E 46163, E 46167, E 46173 and E 46175 (cf. 
Tab. 4.1). The normalised portion of the characteristic n-alkane group n-C17 and n-C20 is 
more that 49% for samples classified as group BI-B (Fig. 4.10). 
• G r o u p  B I - C  is characterised by a maximum at n-C31-34. In all of these samples 
modalities characteristic for other bitumen groups were present (Fig. 4.9.b). Clearest 
representatives were found in fossil molds, e.g. the semi-liquid bitumens from orthoceras 
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E 46148, E 46151, E 46153, 46158 and E 46174 were classified in this group BI-C. The 
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normalised portion of the characteristic n-alkane group n-C32-34 is more that 21%, the portion 
of the n-alkane group n-C26-28 characteristic for group BI-D is less than 36%.  
• G r o u p  B I - D  is found exclusively in semi-liquid, waxy bitumens. It is characterised 
by a maximum in the n-alkane envelope at n-C25-28. Typical is a symmetric distribution of  
n-alkanes in respect to this maximum (cf. Fig. 4.9.c). Five bitumen samples 46152, E 46160,  
E 46162, E 46166 and E 46172 have been classified into group BI-D. Characteristic for this 
group is the strong predominance of aliphatic compounds and the low relative portion of the 
isoprenoids pristane and phytane. Clearest representatives with a detailed group index DDD 
are sample E 46160, an orange, semi-liquid waxy bitumen that occurs as youngest filling in 
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extract of a mixture of semi-liquid and black solid bitumens hosted in a lobolite mold of the 
abandoned quarry Podolí-Dvorce (locality 15). The normalised portion of the characteristic 
n-alkane group n-C25-28 is more that 36% and reaches up to 70% for the clearest 
representative E 46160. 
• Sample E 46170 (black solid bitumen from locality 14, Cement Bohemia) has its maximum 
in the n-alkane distribution at n-C13. It is the only bitumen sample with a maximum of  
n-alkanes at a carbon numbers <15. Therefore it cannot be classified as a mixture between 
any of the groups BI-B-D. In subsequent plots of geochemical data it will be indexed as BI-S 
(special form). 
The gas chromatogram of sample E 46169, a weathered sample showing thin black coatings of 
solid bitumen on rock chips, (locality 13, Klonk section) showed a strong predominance of odd-
numbered n-alkanes in the range n-C25-33. The fractionation pattern of this sample was dominated 
by low polarity NSO compounds and differed also from the rest of the samples. In addition, 
geochemical parameters calculated on the relative distribution of compounds in this sample also 
deviate significantly from other samples, e.g. Pr/Ph is 0.50, whereas other samples show values 
ranging between 0.88 (E 46149) and 2.48 (E 46157), Carbon Preference Index (odd-numbered vs. 
even-numbered n-alkanes) in the range n-C24-34 (Bray & Evans, 1961) is 3.02, whereas other 
samples show values between 1.22 (E 46170) and 1.78 (E 46151). A contamination with recent 
plant material is suspected for this sample, the sample is indexed separately in subsequent plots of 
geochemical parameters. 
Carbon preference indexes (CPI values) and odd-over-even predominance values of n-alkanes 
(OEP values) are dependant on the source and thermal maturation of crude oils. In immature oils, a 
strong predominance of odd-numbered n-alkanes in the range n-C24-34 is considered as an indicator 
on a terrestrial source of organic matter (Bray & Evans, 1961). With increasing thermal maturation  
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Tab. 4.2: Classification of bitumen samples. 
Location1, location name 
and abbreviation 
Lab.- 
No. 
Plot 
Index2 
Detailed 
group index3 
Relative amounts of 
characteristic n-alkanes 
C17-20 : C25-28 : C31-34 
Fractionation 
pattern4 
(1) Marble Quarry (MQ)   E 46147 
E 46148 
E 46149 
 
M 
C 
B 
 
 
BB? 
CBD 
BBC 
 
56 : 27 : 17 
43 : 35 : 22 
49 : 31 : 20 
 
2 
3 
1-3 
(2) Dolomite Quarry (DQ)  E 46150 
 
M 
 
BB? 
 
 
53 : 31 : 16 
 
3 
(3)  Svatý Jan pod Skalou 
(SVJ) 
E 46151 
 
 
C 
 
CBD 
 
38 : 35 : 27 
 
3-1 
(4)  Kosov Quarry (KQ) E 46152 
 
 
D 
 
DDB 
 
22 : 53 : 25 
 
1 
(5)   .$ %(3( E 46153 
E 46156 
 
C 
M 
 
CBD 
BB? 
 
37 : 30 : 33 
66 : 23 : 11 
 
3 
1-3 
(6)  Homolak Quarry (HQ) E 46157 
E 46158 
B 
C 
 
BBB 
CDB 
 
68 : 22 : 10 
41 : 33 : 26 
 
1 
1 
(7)   G46		 (G46+( E 46159 B 
 
BCB 
 
67 : 21 : 12 
 
3-2-1 
(8) $	9	
(CG) 
E 46160 
E 46161 
D 
B 
 
DDD 
BBD 
 
5 : 62 : 33 
53 : 30 : 17 
 
1, acids elevated 
1-2 
(9)  Cikánka Quarry 
(CKQ) 
E 46162 
E 46163 
D 
B 
 
DBB 
BBB 
 
40 : 37 : 23 
74 : 18 : 8 
 
3-1 
2 
(10) 			%$ + E 46166 D 
 
DDB 
 
19 : 54 : 27 
 
2 
(11) Cephalopode Quarry 
(CQ) 
E 46167 B 
 
BBB 
 
77 : 17 : 6 
 
? 
(12) Malkov Quarry 
(MKQ) 
 
E 46168 M 
 
BB? 44 : 37 : 19 
 
2-3 
(13) Klonk section (KL) E 46169 K 
 
contaminated 
 
69 : 17 : 14 
 
? 
(14) Cement Bohemia (CB) 
 
E 46170 S 
 
special form 
 
81 : 14 : 5 
 
2 
(15) Podolí-Dvorce (PD) E 46171 
E 46172 
E 46173 
M 
D 
B 
 
BB? 
DDD 
BBB 
 
54 : 31 : 15 
13 : 70 : 17 
66 : 26 : 8 
 
1 
1 
1 
(16) 6! $$6+ 
 
  
E 46174 
E 46175 
C 
B 
 
CCB 
BBB 
 
24 : 31 : 45 
60 : 29 : 11 
 
1-3 
3 
(17) 	%+
	!
Quarry (VCS) 
E 46176 M BB? 70 : 21 : 9 2-3 
1) See Fig. 2.1 2) Index used in subsequent plots 3) Detailed group index with groups in decreasing importance, 
cf. section 4.3.4 4) Fractionation pattern according to section 4.3.2. 
84  
*
 internal standard
32
b) group BI-C waxy petroleum with maximum at n-C32-34
20
BI-C (CCB), E 46175
Bud anska skala
semi-liquid bitumen
from orthoceres
BI-B (BBD), E 46161
ýerna rokliþka
black solid bitumen from fractures
a) group BI-B petroleum with maximum at n-C17-20
17
d) group BI-S petroleum with maximum <n-C13
15
BI-S (special form), E 46170
Cement Bohemia
black solid bitumen from fractures
27
BI-D (DDD), E 46161
ýerna rokliþka
orange waxy bitumen from fractures
c) group BI-D waxy petroleum with maximum at n-C26-28
Fig. 4.9: Gas chromatograms of typical representatives of bitumen groups BI-B to BI-D. 
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46157 HQ, frac., solid
46173 PD, frac, solid
46175 BS, ortho.+frac., solid
46161 CG, frac., solid
46149 MQ, lob., solid
BI-C
46148 MQ, lob., solid
46158 HQ, frac., semi-liquid
46151 SVJ, frac.+vugs, solid
46153 ZQ, lob.+ortho.+frac., solid
46174 BS, ortho.+frac., semi-liquid
BI-D
46162 CKQ, frac., solid
46152 KQ, geodes, greenish oil
46166 LS, frac., solid + semi-liquid
46172 PD, lob., solid
46160 CG, frac., semi-liquid
BI-M
46176 VCS, frac., solid
46159 KSQ, frac., solid
46156 ZQ, beef, solid
46147 MQ, frac., solid
46171 PD, ortho., solid
46150 DQ, vugs+frac., solid
46168 MQK, frac., solid
BI-S, special form
46170 CB, frac., solid
contaminated
46169 KL, frac.,solid
samples within groups are listed in
decreasing n-C17-20 content
Fig. 4.10: Ternary distribution of compound classes in different bitumen families. 
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this predominance disappears. Therefore, CPI values close to one are typical, but are no proof for 
mature oils, as also immature oils may not show a significant preference of odd- or even-numbered 
n-paraffins (Peters & Moldowan, 1993, p. 219). 
In the analysed set of samples, CPI values (Bray & Evans, 1961) range between 1.22 (E 46170) and 
1.62 (E 46156), neglecting sample 46169 with a value of 3.02. When considering only n-alkanes in 
the range n-C28-30 (CPI 4), values of 23 bitumen samples vary only between 0.95 (E 46175) and 
1.22 (E 46168). However, on three samples significantly higher values have been determined  
(E 46151, 2.55; E 46157, 2.70; E 46169, 2.98). A contamination with recent plant material is 
suspected for these degraded samples that show a significant hump of UCM (cf. Appendix P). 
Neglecting these increased CPI values that can probably be attributed to recent contamination, a 
high thermal maturity is indicated, but not proven by these CPI values close to one. 
A plot of ISO 1 (Pr/n-C17) vs. ISO 2 (Ph/n-C18) can be used to assess source, maturity and 
biodegradation of crude oils and source rock extracts. No significantly differing sources for 
samples of differing bitumen families are indicated from this plot (Fig. 4.11) all bitumen extracts 
(with the exception of the contaminated sample E 46169, plotting in the type II kerogen field) plot 
in a field typical for oils sourced from a type II-II and type III kerogen. (Fig. 4.11). This is in 
accordance with a kerogen assessment from the same type of plot that has been applied to extracts 
of possible source rocks (Fig. 3.11). Bitumens of group BI-C seem to be less mature and more 
biodegraded from the plot ISO 1 vs. ISO 2. A comparison with gas chromatograms (Appendix P) 
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Fig. 4.11: Plot of pristane/n-C17 vs. phytane/n-C18 for bitumen extracts from the Prague Basin. 
Interpreted fields adopted from Hunt (1996), p. 542. 
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shows that higher ISO 1 and ISO 2 values can be found in samples with a significant baseline 
hump. Therefore, increased ISO 1 and ISO 2 values reflect a higher stages of degradation rather 
than a lower maturity of bitumen samples. 
Pr/Ph values of bitumen samples vary between 0.88 (E 46149) and 2.48 (E 46158), neglecting 
sample E 46169 (0.50). No relationship between the Pr/Ph ratio and the bitumen classification has 
been found (Fig. 4.12). However, the geochemical parameter ISO 4 [(Pr+Ph)/(2*n-Cmax)] was 
found to be highly diagnostic for samples of bitumen group BI-D (Fig. 4.12). This value ranges 
from 0.01 to 0.20 for semi-liquid waxy bitumens of group BI-D, within this group the clearest 
representatives E 46172 and E 46160 have the lowest values <0.04. In contrast, samples of other 
bitumen groups have ISO 4 values ranging between 0.22 and 0.78, neither Pr/Ph ratio nor ISO 4 
values can be used to differ bitumen groups BI-B and BI-C. 
R é s u m é :  
Bitumen extracts were classified according to their maxima in the distribution of n-alkanes and the 
relative abundance of the isoprenoids pristane and phytane. Each bitumen group is defined after a 
characteristic maximum in the distribution of the n-alkane envelope. Group BI-B is characterised 
by a maximum in the n-alkane distribution between n-C17 and n-C20. The majority of samples 
classified in this group are black solid bitumens from fractures and veins. Group BI-C is 
characterised by a maximum between n-C31 and n-C34. All samples of this group show additional 
maxima that mediate to other bitumen groups. Solid as well as semi-liquid bitumens were assigned 
as group BI-C. Clearest representatives come from fossil molds. Samples of group BI-D are all 
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Fig. 4.12: Pristane/phytane ratio vs. ISO 4 [(Pr+Ph / 2*n-Cmax)].Whereas the ratio Pr/Ph does not show 
a relationship with the applied bitumen classification, low ISO 4 values <0.2 are highly diagnostic for 
group BI-D. 
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semi-liquid and have a waxy consistency. Typical for the clearest representatives of that group is a 
symmetrical distribution of n-alkanes in respect to its concentration maximum. The characteristic 
maximum varies between n-C25 and n-C28 Pristane and phytane concentrations are very low 
compared to the maximum of n-alkanes. 
CPI values of the analysed bitumen extracts are close to one. Higher values only occur in poor 
samples that were probably contaminated with recent organic plant matter. This points to an 
increased maturity of bitumen samples. An assessment of source, maturity and biodegradation can 
be made from a plot of Pr/n-C17 (ISO 1) and Ph/n-C18 (ISO 2). All bitumen samples plot in a field 
typical for oils sourced from type II-III and type III kerogens. No different sources for different 
bitumen groups are indicated. This kerogen quality is indicated for source rock extracts based on 
the same plot. Higher ISO 1 and ISO 2 values of bitumen compared to source rock extracts are 
more likely to reflect biodegradation than a lower thermal maturity. A parameter assessing the 
amount of the isoprenoids pristane and phytane in relationship to the maximum of n-alkanes  
(ISO 4) has been shown to be highly diagnostic for bitumens of group BI-D. However, a 
geochemical parameter that discriminates samples into group BI-B and BI-C has not been detected. 
 
4.3.5 Aromatic hydrocarbons 
In most bitumen samples the relative amount of aromatic HC is <20 weight %, only in some 
samples higher portions are reached (E 46163, E 46170, E 46176). Comparable to gas 
chromatograms of the aliphatic fraction, most samples show a significant hump of UCM. 
Quantifiable phenanthrenes were limited to eight of 26 samples, quantifiable naphthalenes were 
restricted to three of these samples (E 46148 MQ-ceph, E 46162 CKQ-frac and E 46171 PD-ceph). 
Tabulated results of calculated maturity parameters are listed in Appendix H. 
Naphthalenes are more water-soluble than phenanthrenes. Therefore, the depletion of naphthalenes 
in comparison with phenanthrenes with a higher molecular weight points to an involvement of 
water washing processes. The majority of bitumen samples comes from veins associated with 
hydrothermal fluid flow (Suchý et al., 2000). The absence of naphthalenes and phenanthrenes in 20 
of 26 outcrop samples is an indicator of severe water washing. 
Rc values have been calculated from MPR and MPI 1. For Rc values based on MPR, these maturity 
values range from 0.94 (E 46168, MKQ) to 1.47% Rc (E 46171). All samples from the north-
eastern part of the Prague Basin show Rc values from MPR >1.3%, whereas a sample from the 
south-western part of the basin (E 46168, MKQ) yields a Rc value of 0.94%. Although this 
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interpretation is based on five samples only, this points to an increasing maturity towards the north-
eastern part of the basin. In the south-western part of the Prague Basin, where aromatic maturity 
could be determined on both bitumens and source rock extracts, Rc values show differences  
<0.2%. As water washing processes might have an influence on the relative distribution of aromatic 
compounds, Rc values based on aromatic compounds must be considered with caution. Rc values 
from MPR are less susceptible on alteration processes than Rc values from MPI 1, as only 
methylphenanthrenes are used and no unsubstituted phenanthrene is involved in this ratio. 
Aromatic maturity values correlate well with each other (e.g. Rc MPR vs. Rc MPI 1: R2=0.80). 
Quantifiable sulphur aromatic compounds were restricted to sample E 46170. A 
methyldibenzothiophene ratio (MDR) of 10.7 points to a maturity >1.2%, using a transformation 
formula established for type II kerogen of Upper Jurassic source rocks from the Sonda de 
Campeche (Santamaría-Orozco et al., 1998). 
The usage of aromatic maturity parameters is problematic for bitumen samples. The absence of 
analysable aromatic compounds points to a significant water washing for most of the samples. Rc 
values that could be evaluated point to a high thermal maturity >0.9% for all of the samples. No 
relationship in respect to bitumen type or locality could be found for maturity values based on the 
distribution of aromatic compounds. 
 
4.3.6 Biomarkers 
Tri- and pentacyclic terpanes as well as steranes in bitumen extracts have been analysed using the 
same analytical settings as for source rock extracts. Aim of this biomarker analysis was to assess 
source and maturity of bitumen extracts. General concepts on the interpretation of biomarker data 
have been outlined in section 3.3.4.  
Biomarker information from bitumen extracts is more scarce than information from source rock 
extracts. Only six of 26 bitumen extracts yielded a sterane distribution that could be evaluated. The 
concentration of these compounds is very low. Especially waxy bitumens of group BI-B did not 
contain any biomarkers at all. Hopanes could only be identified in sample E 46163 and, in very low 
concentrations, in sample E 46157.  
A preferential loss of C27 and C28 steranes during biodegradation has been advocated by Seifert & 
Moldowan (1979), Rullkötter & Wendisch (1982) and Seifert et al. (1984). However, this concept 
is valid only in a very narrow degradation range and can easily be superimposed by facies-related 
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changes. In the ternary plot of C27:C28:C29 steranes, all bitumen samples show a higher C29 
concentration than source rock samples (cf. Fig. 6.2). The variation in relative C29 concentration is 
<4% (51% to 55%). While higher C29 concentrations compared to the biomarker composition of 
possible source rock extracts might conceivably be related with biodegradation, this is not the case 
here as n-alkanes are still present. 
The ratio diasteranes/regular steranes can be used to discriminate oils from carbonate and shaly 
source rocks. Oils from carbonate source rocks tend to have less diasteranes than oils from shaly 
source rocks. In addition, the ratio diasteranes/regular steranes increases during thermal maturation 
and biodegradation (Peters & Moldowan, 1993, p. 190, cf. section 3.3.4). For bitumen extracts, this 
ratio varies between 35 (E 46168) and 49% (E 46149) similar to the ratios observed for source rock 
extracts (cf. Fig. 3.14), no relationship with the hump of UCM in chromatograms of the aliphatic 
fractions has been found. 
Maturity parameters have been formed from the progress of isomerisation reactions on C29 regular 
steranes. The values of 20S/(20S+20R) ratios vary between 0.37 (E 46148) and 0.57 (E 46149), 
ββ/(ββ+αα) ratios vary between 0.57 (E 46159) and 0.67 (E 46168). In between these two maturity 
indices, there is hardly any correlation (R2=0.09). 20S/(20S+R) values exceed 0.54, the theoretical 
endpoint of the isomerisation reaction. This is an indicator on biodegradation by the preferential 
removal of the “biological” isomer 20R. Though the dataset with analysable sterane distributions 
from bitumen extracts is only six samples, within these samples no relationship of 20S/(20S+R) 
values with the degree of baseline hump can be found, both samples E 46148 and E 46149 with the 
lowest and highest 20S/(20S+20R) ratio show a significant baseline hump. A correlation of bitumen 
samples to specific source rock formations is not possible based on these distribution patterns. 
 
4.3.7 Heterocompounds 
Fluoren-9-one and differently substituted fluoren-9-ones have been identified in 24 of 26 bitumen 
samples. Carbazoles were also present in nine of 26 bitumen samples. Mass fragmentograms with 
peak identifications are given in Fig. 3.16 and Appendix V, parameters from heterocompounds are 
provided in Appendix M. 
The same classification of fluoren-9-one patterns as applied for source rock extracts was used for 
bitumen extracts (cf. section 3.3.5, Fig. 3.16)). Carbazoles were present in nine of 26 bitumen 
extracts only. In four samples, no interpretable fluoren-9-one patterns were found. The distribution 
of fluoren-9-ones is interpreted as a source indicator for a tentative correlation of bitumens and 
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source rocks. However, an influence of weathering effects and biodegradation on the relative 
distribution of fluoren-9-ones cannot be definitive precluded. For different bitumen groups, the 
following relationship can be summarised: 
• G r o u p  B I - B  yielded predominately fluoren-9-one pattern I (six of seven samples;  
E 46157, E 46161, E 46163, E 46173, E 46167 and E 46175). In sample E 46149 fluoren-9-
ones were absent. Sample E 46173 is the only sample of bitumen group BI-B showing 
distribution pattern group III.  
• G r o u p  B I - C  yielded predominantly fluoren-9-one pattern III (four of six samples; 
group III - E 46148, E 46151, E 46153, E 46158: group I - E 46159, E 46174). 
• The clearest end members of g r o u p  B I - D  are characterised by a complete absence of 
fluoren-9-ones and carbazoles (E 46160, E 46172). Other bitumen samples from group BI-D. 
yielded distribution patterns of type I (E 46152, E 46162, E 46166). The presence of 
heterocompounds in samples of group BI-D can be attributed to an admixture of group BI-B, 
as evident from the relative distribution of n-alkanes. 
Black solid bitumen sample E 46170 (Cement Bohemia) assigned as BI-S yielded a fluoren-9-one 
pattern III. Bitumens of mixtures BI-M were typed as group I and III. Fluoren-9-one pattern II has 
not be identified in any of the analysed bitumen samples. 
 
4.4 Stable carbon isotopes 
Fractions of aliphatic and aromatic hydrocarbons as well as a high-polarity heterocompound 
fraction from 15 bitumen extracts were analysed for their carbon isotopic composition. Samples 
within group BI-B and BI-C are isotopically similar, the mean isotopic composition of all fractions 
for samples in group BI-C (-29.3%) is depleted by 1.3‰ compared to all fractions of samples in 
group BI-B with a mean composition of –28.0‰ (Fig. 4.13). In addition, the mean difference in 
between the three fractions is lower for samples of group BI-C (0.9‰) than for samples of bitumen 
group BI-B (1.3‰). The isotopic composition of samples of group BI-D varies widely. This group 
comprises the heaviest high polarity heterocompound fraction (E 46160, -25.1‰) and the second-
lightest aliphatic fraction (E 46152, -30.3‰). The correlation factor R2 of isotopic data in between 
different fractions is 0.65 for aliphatic vs. aromatic hydrocarbons, 0.42 for aliphatic hydrocarbons 
vs. high polarity NSO compounds and 0.43 for aromatic hydrocarbons vs. high polarity NSO-
compounds. Usually the proportion of 13C is greater in aliphatic hydrocarbons than in aromatic 
hydrocarbon and in high polarity NSO compounds, as expected from the literature (Stahl, 1978). 
An exception to this general observation is sample E 46163 (BI-B) and E 46158 (BI-C), where high 
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polarity NSO-compounds and aromatic hydrocarbons are the lightest fraction, respectively (Fig. 
4.13). The isotopic difference of the analysed fractions is highest for samples of bitumen group BI-
D. In this group, aliphatic hydrocarbons are depleted in 13C with values up to 2.5‰ compared to 
high polarity NSO-compounds. The clearer the representatives of this group, the wider is the 
isotopic range in between aliphatic hydrocarbons and high polarity NSO-compounds (E 46172, 
DDD, 2.5‰; E 46160, DDD, 2.4‰; E 46152, DDB, 2.1‰; E 46162, DBB, 0.8‰). 
Conclusively it can be stated that isotopic data point to a lighter source of bitumens from group BI-
B than for bitumen of group BI-C. The isotopic composition of bitumen group BI-D varies widely. 
Therefore, it must be assumed that the geochemical characteristics that lead to a classification into 
bitumen group BI-D are not inherited from a specific source rock formation but can be deduced on 
a similar process of wax precipitation. 
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Fig. 4.13: Isotopic composition of different fractions from bitumen extracts. 
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4.5 Conclusions 
Bitumens were sampled and investigated in 17 localities in Silurian and Devonian strata of the 
Prague Basin. Bitumens were hosted in veins, fossil molds of orthoceres and lobolites as well as in 
vuggy porosity. Macroscopically, three different types of bitumen can be distinguished: i) Black 
solid bitumens, present in all 17 localities, ii) semi-liquid waxy bitumen that is always associated 
with black solid bitumen and has emplaced as a later stage and iii) greenish waxy oils that were 
found exclusively in geodes weathered from the organic-
 '	  	    
Stratigraphically, most bitumen findings are hosted in the Silurian/Devonian boundary interval. As 
this interval has been shown to the highest hydrocarbon potential in the Prague Basin, the majority 
of bitumens is situated in the most prolific source rocks themselves. 
Fossil molds filled with bitumen were almost exclusively restricted to the Scyphocrinites horizon, a 
packstone –		!7''	"	#$!!	y 
known potential carrier rock within the Prague Basin. Most bitumens are hosted in calcite veins. 
Thin section petrography supported the dominant role of fracture-bound migration for all bitumen 
localities. Bitumen occurrences in vugs coated with saddle dolomite and smoky quartz crystals, as 
occurring in two localities in the Uppermost Silurian, resemble paragenetic settings frequently 
described as the product of a thermo-chemical sulphate reduction. 
The optical properties of bitumen have been characterised by Ivana Sykorova (Academy of 
Sciences of the Czech Republic) and differ significantly between solid and semi-liquid bitumens. 
Semi-liquid bitumen fluoresce when excited with ultraviolet light, and Rr values are generally 
<0.2%. On solid bitumens values between 0.80 and 2.02% Rr have been determined, and the 
reflectivity and maturity increases towards the north-eastern part of the basin. 
The geochemical characterisation of the soluble part of bitumen was carried out on 26 bitumen 
extracts. Bitumens were separated from their host rocks with paleontological preparation tools. The 
degree of mechanical enrichment differed significantly. Although no exact relative solubility for 
different bitumen samples could be determined, a comparison of extracted samples points to a 
substantially higher solubility of semi-liquid bitumens than black solid bitumens. The relative 
distribution of compound classes from a liquid chromatographic fractionation of bitumen extracts 
into two hydrocarbon fractions and five heterocompound fractions showed a relationship between 
macroscopically different bitumen types and the preservation stage of the bitumens. Semi-liquid 
waxy bitumens consist almost exclusively of aliphatic compounds, whereas black solid bitumens 
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show also a significant portion of a high polarity heterocompound class. An elevated portion of low 
polar and acidic heterocompounds is indicative of weathering influences. 
The preservation stage of the bitumens varies significantly, and a variable degree of biodegradation 
is indicated from the analysis of aliphatic and aromatic hydrocarbons and biomarkers. The 
occurrence of a significant baseline hump is restricted to black solid bitumens, whereas semi-liquid 
bitumen did not or hardly show a baseline hump. Also in samples with a strong baseline hump, n-
alkanes are present. The peak height of the acyclic isoprenoids pristane and phytane is higher that 
the peak height of n-C17 and n-C18 in one sample only. This indicator on a low degree of 
degradation contrasts with the high amounts of UCM found in some of the samples. 
Bitumen extracts were classified according to their distribution of n-alkanes. Group BI-B is 
characterised by a maximum in the n-alkane distribution between n-C17 and n-C20. The majority of 
samples classified in this group are black solid bitumens from fractures and veins. Group BI-C is 
characterised by a maximum between n-C31 and n-C34. Solid and semi-liquid bitumens of this 
group show additional maxima that mediate to other bitumen groups. Clearest representatives come 
from fossil molds. Samples of group are BI-D semi-liquid waxy bitumens. Typical for the clearest 
representatives of that group is a symmetrical distribution of n-alkanes in respect to its maximum. 
CPI values of the majority of the analysed bitumen extracts are close to one and point to an 
increased maturity of bitumen samples. A plot of Pr/n-C17 (ISO 1) and Ph/n-C18 (ISO 2) points to a 
type II-III and type III kerogen source for all bitumen samples. The source-specific variability of 
bitumen samples is very small. The same kerogen quality is indicated for source rock extracts. 
Higher ISO 1 and ISO 2 values of bitumen compared to source rock extracts are more likely to 
reflect biodegradation than a lower thermal maturity. A parameter assessing the amount of the 
isoprenoids pristane and phytane in relationship to the maximum of n-alkanes (ISO 4) has been 
shown to be highly diagnostic for bitumens of group BI-D. A geochemical parameter that 
discriminates samples into group BI-B and BI-C has not been detected. 
The absence or aromatic hydrocarbons points to a significant water washing of most of the bitumen 
samples. Aromatic maturity values could be determined for eight of 26 samples Rc values from 
MPR range between 0.94 and 1.37%. No relationship in respect to bitumen type or locality could 
be found for maturity values based on the distribution of aromatic compounds. Biomarker 
information from bitumen extracts is scarce and refractory. Only six of 26 bitumen samples yielded 
steranes that could be evaluated, and in two of these samples hopanes could be identified. 
20S/(20S+20R) values exceeding the theoretical endpoint of the isomerisation reaction indicate 
influences of biodegradation. Biomarkers can therefore not be used to correlate bitumens and 
source rocks in the Prague Basin. Flouren-9-ones were present in 24 of 26 bitumen samples and 
were classified in the same classification system as source rock extracts (cf. section 3.4.5). Fluoren-
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9-one pattern I and III could be identified in bitumen samples. A tentative correlation with specific 
	
	
'		
		+ !"	#$	6,-C) 
or less (BI-6
			:!	%
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	
 !G
Isotopic data point 
to a lighter source of bitumens from group BI-B than for bitumen of group BI-C. The isotopic 
composition of bitumen group BI-D varies widely. This points to an origin from isotopically 
different sources. Therefore, it must be assumed that the geochemical characteristics that lead to a 
classification into bitumen group BI-D are not inherited from a specific source rock but have to be 
deduced with similar processes leading to the precipitation of waxes. 
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5. Petroleum Inclusions 
Fluid inclusions are fluid-filled hollows that are formed on irregularities during the growth of 
crystals (primary inclusions) or by healing of deformation planes (secondary inclusions) (Roedder, 
1984, p. 12). Studies on fluid inclusions offer a unique possibility to get information on the 
pressure and temperature (PT) conditions and on the chemical composition of fluids at times of 
fluid entrapment. The occurrence of aqueous fluid inclusions in minerals is known since the 
antiquity and has been stated as a strong evidence for a growth of minerals from water by the 
Neptunists. Sorby (1858) (cited in Roedder, 1984, p. 3) first interpreted correctly the occurrence of 
vapour bubbles in fluid inclusions by different expansion and contraction coefficients of the 
trapped fluid and the host mineral and reasoned that the temperature of trapping can be estimated 
by heating the sample to a temperature where this vapour bubble disappears.  
The occurrence of petroleum inclusions (PI) is long-known from petroliferous basins (e.g. Reese, 
1898). Whereas free petroleums can be altered by evaporative losses, biodegradation or water 
washing, petroleum trapped in PI retains the composition at the time of trapping. Over the last ten 
years, an increasing number of case histories have shown the potential of geochemical studies on PI 
for the reconstruction of filling and migration histories of petroleum reservoirs, e.g. Horsfield & 
Mc Limans (1984), Karlsen et al. (1993), George et al. (1997; 1998), Isaksen et al. (1998); Ruble 
et al. (1998) and Bhullar et al. (1999).  
In the Prague Basin, bitumen occurrences are the only macroscopic relicts of petroleum generation 
and migration. Microscopically, these bitumen occurrences are always associated with petroleum 
inclusions, as has been noted previously by Suchý and co-workers (pers. com. Vacláv Suchý). 
Information of the initial composition of petroleum at the time of migration can only be taken from 
the analysis of these petroleum inclusions. The aim of this study on petroleum inclusions is to 
increase the understanding of the generation and migration of petroleum in the Prague Basin. 
 
5.1 Petrography and paragenesis of crystals containing petroleum inclusions 
In all localities where bitumen is present (cf. Fig. 4.2), host rock samples with aqueous (AFI) and 
petroleum inclusions (PI) were available. The analysed fluid inclusions come predominately from 
quartz and calcite vein minerals occurring in a variety of different habits. In addition to sample 
material as a by-product of bitumen sampling, quartz crystals of a late crystallisation stage have 
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been sampled from fractures, veins and vuggy pores. The majority of samples was taken during 
field work in April 1997 or come from the collection of Václav Suchý. Supplementary samples 
have been picked from extraction residues of bitumen extraction. An example of sample coding is 
given in Tab. 5.1. All samples have been subjected to petrographic investigations on a microscopic 
system equipped with fluorescence light. A list with samples for fluid inclusion analysis is 
provided in Tab. 5.2. 
Subvertical veins with bitumen occurrences are often cemented with a specific crystallisation 
succession and are mostly hosted in limestones. Most PI samples come from such vein 
mineralisations, the paragenetic setting of individual PI samples is given in Tab. 5.2. The 
mineralisation succession outlined below is not always fully developed in all stages at any given 
location. A complete succession can be generalised as follows: 
i) Milky calcites and quartz crystals are the oldest generation in fractures containing 
bitumens. Fluid inclusions are filled with aqueous and petroleum fluids. Microfabrics in 
quartz crystals show the development of sub-grains as well as spacing of calcite cleavage 
planes and indicate a tectonic overprint (Burkhard, 1993; Passchier & Trouw, 1999). This 
overprint is probably connected with the Variscan orogeny. 
ii) Black solid bitumen as remnants from a first phase of petroleum migration. Droplet-
shaped solid bitumens (Fig. 4.5.e) and bitumens with spherical confinings (Fig. 4.6.b) 
prove the previous liquid nature of these solidified oils. 
iii) Idiomorphic quartz crystals and yellowish sparry calcite cements containing abundant 
petroleum inclusions and angular fragments of black solid bitumen. Angular fragments of 
bitumen show that residual oils have already be thermally altered and solidified during 
the growth of these crystals. In addition, these crystals have not been deformed after 
crystallisation. This points to a crystallisation post-dating the Variscan orogeny. 
iv) Undeformed, light milky calcite crystals containing small aqueous and petroleum 
inclusions <20 µm. 
Tab. 5.1: Exemplary coding of samples containing petroleum inclusions. 
 
Sample code Explanation 
PDlob-(2)-Bi-Ca-1 

PD Locality (here: Podolí-Dvorce. For abbreviation of localities, cf. Tab. 4.1) 
lob paragenetic setting, here: lobolits. Lob = lobolite, ceph = cephalopods, frac. = 
fractures 
2 (optional) Sample type 2, only indicated when different sample types exist 
Bi (optional) picked from Soxhlet-extracted bitumen samples 
Ca Mineral (here: calcite. Qz = quartz, Ca = calcite, SD = saddle dolomite) 
1 (optional) Analysis number (here: first measurement) 
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v) Some fractures contain orange waxy bitumens that represent a last filling stage.  
Abundant petroleum inclusions were also found in sparry block cements from fossil molds 
containing bitumen (cf. Fig. 4.4-4 and 4.4-5), in radial-radiaxial, fibrous beef calcite cements (cf. 
Fig. 4.4-1) and in saddle dolomite and quartz crystals that occur in bitumen-filled vugs hosted in 
xenotopic replacement dolomites of locality 2 (Dolomite Quarry) and 3 (Svaty Jan pod Skalou) (cf. 
Fig. 4.4-6 and 4.5-b). In addition to these samples directly connected with bitumen occurrences, 
isolated quar>
	%	%	'!,	
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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
lath-shaped smoke quartz crystals with a size up to 15 mm and a rough surface occurred on 
conjugated veins. Under the fluorescence microscope, the flat crystals revealed numerous PI up to 
50 µm. These crystals were used as “standards” for linearity tests and methodological 
modifications in subsequent geochemical investigations. 
Idiomorphic, bipyramidal quartz crystals from locality 2 (Dolomite Quarry), 3 (Svaty Jan pod 
	 G46		%(!/5 6! $$
	!
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!'	
inclusions. Whereas an examination of crystals containing petroleum inclusions without prior 
preparation is difficult for most of these idiomorphic quartz crystals due to opaque crusts on the 
surface of the crystals, clear, colourless well-faced crystals up to 2 cm size from veins crosscutting 
organic-
'		 !G46	'
	!!!	'%	
preparation. Petroleum inclusions in these crystals can reach up to 0.8 mm and are visible to the 
naked eye. The colour of these inclusions is mostly brownish and yellowish, some inclusions are 
also greenish and resemble greenish oils found in oils from geodes of the same locality (cf. section 
4.2.1, Fig. 4.5-d). These crystals are identical to those studied by Dobeš et al. (1997), who 
published the first data on their petrology and microthermometry and determined some basic 
organic geochemical data. 
In idiomorphic quartz crystals, PI clearly dominate over aqueous inclusions. Besides purely 
aqueous and oil-filled inclusions, inclusions containing both fluids types occur. These inclusions 
filled with two immiscible fluids are clearly heterogeneous trappings, hence oil and water must 
have occurred partly in an emulsion (Roedder, 1984, p. 331). The presence of daughter minerals in 
inclusions of quartz crystals of hydrothermal veins in Kosov Quarry containing water and oil fluids 
points to a salinity of the aqueous phase >26% NaClequiv (cf. Fig 5.1-c-d). “Tar spots” and “solid 
bitumen segregations” on the walls of the inclusions or on the water/petroleum phase interface are 
common constituents in PI (Roedder, 1984, p. 330) and can also be found in samples from the 
Prague Basin (Fig. 5.1-c-d). Although a co-trapping of “tar spots” is conceivable, a bitumen 
precipitation as a result of isochemical changes after trapping is also possible (Roedder, 1984, p. 
331).  
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Tab. 5.2a: List of petroleum inclusion samples with sample characteristics and identification code. 
 
Location and sample 
code 
Formation Sample description 
(1) MQ-Bi-Ca 
 
MQ-Bi-Qz 
 
MQceph-Bi-Ca 
 
MQlobBi-Ca 
 
Lower 
"	#$ 
Picked from E 46147, sparry whitish calcite XX <3 mm, probable first 
crystallisation stage from fractures 
Picked from E 46147, milky, subidiomorphic quartz XX <3mm, probable first 
crystallisation stage from fractures 
Picked from E 46148, sparry calcite with abundant, greenish fluorescing PI, 
block cement from bitumen-filled orthoceras cone 
Picked from E 46149, sparry whitish calcite, block cement from bitumen-
filled lobolite 
 
(2) DQ-1-SD-1  
 
DQ-Ca 
 
DQ-Qz-1 
 
Uppermost 
"	#$ 
yellowish saddle dolomite XX, cf. Fig. 4.6-b and Fig. 4.5-a-b, first cement 
generation in bitumen-filled vugs cf. Fig 4.4-6 
clear calcite XX with only few PI, abundant AFI <20 µm, late crystal growing 
together with late idiomorphic smoke quartz XX DQ-Qz 
subidiomorphic to clumsy quartz XX up to 4 mm, grown in latest stage of 
bitumen-filled vugs, FI <50 µm, almost exclusively PI, in some FI co-trapping 
of oil and water 
 
(3) SVJ1-Bi-Ca 
 
SVJ1-Ca 
 
SVJ2-Qz 
 
 
SVJ3-Ca-1  
 
SVJ-Bi-Qz 
 
Uppermost 
Po#$ 
picked from E 46151, sparry whitish calcite from a late crystallisation stage of 
fractures containing bitumen, similar that SVJ3-Ca 
clear calcite XX with irregular-shaped FI showing a yellowish fluorescence 
colour 
idiomorphic smoky quartz XX up to 15 mm from a late stage of bitumen-
filled vugs coated with saddle dolomite (cf. Fig. 4.4-6), abundant PI with 
greenish fluorescence colour, similar, but larger than sample DQ-Qz 
light milky calcite XX from a late crystallisation stage of fractures containing 
bitumen, similar to SVJ1-Bi-Ca 
picked from E 46151, bitumen fractures and vugs, milky quartz XX from a 
first crystallisation stage in fractures 
 
(4) KQ1-Qz 
 
 
 
 
KQ2-Ca-1 
 
 
 
KQ2-Qz-1-2 
 
 
 
 
 
 
KQ3-Qz 
 
 
 
 
  
 
 
 
 
Kopanina 
Fm. 
 
 
Kopanina 
Fm. 
 
 
 
 
 
  
three clear idiomorphic quartz XX up to 12 mm occurring as late 
crystallisation stage in a vein cross-
!	! 
shale. Abundant PI with greenish fluorescence, some irregular-shaped 
inclusions with yellow fluorescence, yellow PI up to 0.8 mm are visible by 
naked eye 
yellowish crust of sparry calcite cements from a non-oriented block. Calcite 
occurs as early stage in a vein cross-cutting a diabase sill hosted in the 
organic-rich limestones of the Kopanina Fm. Bright yellow fluorescence 
colour when excited with fluorescence light, individual PI hard to resolve 
idiomorphic quartz XX up to 8 mm, late crystallisation stage of the same vein 
as sample KQ2-Ca-1. Abundant PI with greenish fluorescence, some 
irregular-shaped inclusions with yellow fluorescence, yellow PI up to 0.8 mm 
are visible by naked eye. In addition to abundant PI, solid inclusions of 
angular fragments of bitumens occur as well as few AFI and co-trappings of 
aqueous and petroleum fluids occur. Variability of inclusions documented in 
Fig. 5.1 
lath-shaped, flat smoky quartz XX from fractures in geodes weathered from 
the graptolite shales of the Lite !
		A5/ F

Fig. 4.5-d). Rough crystal surface with patches of opaque crusts, abundant 
fluorescing PI up to 50 µm 
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Tab. 5.2b: List of petroleum inclusion samples with sample characteristics and identification code. 
 
Location and sample 
code 
Formation Sample description 
(4) KQ4-Qz 
 
 
 
 
KQ5-Qz 
 
 
KQ6-Ca 
 
 
 
KQ7-Qz 
 
 
KQ8-Qz-1  
 
 
KQ9-Qz-1  
 
  
 
 
 
 
  
 
 
Kopanina 
Fm. 
 
 
Kopanina 
Fm. 
 
Kopanina 
Fm. 
 
  
 
18 elongated, idiomorphic double-terminated smoky quartz XX from 
subvertical veins cross-
'		 *!",
up to 60 µm, negative crystal shapes with greenish fluorescence colour, 
irregular fingery inclusions often with yellowish fluorescence (cf. Fig. 5.1-f), 
very few AFI 
30 flat smoky quartz crystals, often hexagonal shaped with a rough surface. 
from the same fracture system than KQ5-Qz. Abundant PI with greenish 
fluorescence colour 
yellowish crust of sparry calcite cements from an early crystallisation stage of 
a vein cross-cutting a tuffitic sill hosted in organic-rich limestones of the 
Kopanina Fm. Paragenetic setting and appearance very similar to KQ2-Ca-1. 
Abundant PI with bright yellow fluorescence, individual PI hard to resolve 
idiomorphic, clear bipyramidal quartz XX up to 8 mm from a late 
crystallisation stage of the same vein as KQ6-Qz. Very similar to KQ2-Qz-1, 
microscopic characteristics cf. KQ2-Qz-1 
Collection Václav Suchý, “burial joints #2, stylofractures”, massive, 
idiomorphic smoky quartz XX as youngest stage in a vein containing black 
solid bitumen, abundant PI <150 µm with greenish fluorescence colour 
Collection Václav Suchý, “burial joints #2”, elongated smoky quartz crystals 
containing abundant PI <150 µm with greenish fluorescence colour 
 
(5) ZL-Ca-1 
 
 
ZL-Qz-1-6 
 
"	#$ 
 
 
 
beef calcite cf. Fig. 4.4-1, Fig. 4.5c and 4.6-c. Fibrous calcite XX from radial-
radiaxial beef calcite cements, abundant, but small PI with yellowish 
fluorescence colour 
ca 10 g stalky, flat smoky quartz XX occurring as isolated crystals on 
conjugated tectonic joints. Abundant PI with greenish to yellow fluorescence 
colour. Usage for variability tests and optimisation of instrumentation 
 
(6) HQsl-Bi-Ca 
 
HQsol-Bi-Ca 
 
Lochkov Fm. 
 
. 
picked from E 46158, light yellowish sparry calcite XX containing abundant, 
but small PI with greenish to yellowish fluorescence colour 
picked from E 46157, milky, sparry calcite XX containing abundant, but small 
PI with greenish fluorescence colour 
 
(7) KSQ Ca-1  
 
 
KSQ Qz 
 
"	#$ 
 
 
 
calcite vein of ca 5 mm width cross-cutting dark micritic limestone, blocky 
calcite, outer generation dull, inner generation clear XX, almost no PI, some 
AFI 
milky, subidiomorphic quartz XX containing PI up to 120 µm, greenish 
fluorescence colour, youngest generation from tectonic joint 
(8) CG-Semil-Bi-
Ca 
 
CG-Semil-Bi-
Qz 
 
CG-Sol-Bi-Ca 
 
Uppermost 
"	#$	
Lowermost 
Lochkov Fm. 
picked from E 46160, yellowish calcite crystals occurring together with 
orange waxes as youngest phase in bitumen-filled fractures. Abundant, but 
small PI with yellowish to greenish fluorescence colour 
picked from E 46160, clumsy milky quartz crystals occurring together with 
yellowish sparry calcites GC-Semil-Bi-Ca Abundant PI up to 150 µm, 
greenish fluorescence colour, AFI only subordinate 
picked from E 46161, older generation of whitish sparry calcite XX. 
Abundant small PI with greenish fluorescence 
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Tab. 5.2c: List of petroleum inclusion samples with sample characteristics and identification code. 
 
Location* and 
sample code 
Formation Sample description 
(9) CKQ-Ca 
 
CKQ3-Ca 
 
Radotín Fm. 
 
Slivenec Fm. 
milky sparry calcite from vein containing solid bitumen, PI with greenish 
fluorescence colour up to 20 µm, aqueous inclusions 
whitish sparry calcite from vein containing solid bitumen, XX up to 2 mm, 
abundant angular AFI and PI up to 30 µm, greenish fluorescence colour 
 
(10) LS-Ca Uppermost 
"	#$ 
older light and younger dark calcite generations, fluorescing PI and AFI up to 
30 µm restricted on dark calcite 
 
(11) CQ-Bi-Ca-1-2 
 
CQ-CaBi 
 
CQ-E46167 
Uppermost 
Kopanina 
Fm. 
picked from E 46167, light calcite from vein containing solid bitumen, 
abundant, but small PI 
picked from E 46167, yellowish calcite from vein containing bitumen. 
Adherent extracted bitumen. Abundant, but small PI 
picked from E 46167, white calcite from vein containing solid bitumen, 
almost no fluorescence when excited with UV light 
 
(12) MKQ-Ca-1-2 
 
Lochkov Fm. dark, sparry calcite XX up to 15 mm, no directly associated bitumen, 
numerous AFI <5µm, almost no fluorescing PI 
 
(13) KL-Ca-h 
 
 
KL-Ca-d 
 
KL-Ca-m 
 
Uppermost 
Kopanina 
Fm.. 
vein calcite from core section 53.4-53.5 m, research borehole Klonk-1, 
whitish calcites from vein containing semi-liquid bitumen. Abundant PI up to 
50 µm, greenish fluorescence colour 
dark calcite XX from the same vein. More PI than KL-Ca-h, in addition to 
greenish also yellowish fluorescence colour 
mixture of the two calcite types above 
 
(14) CB-Ca-1-2 (?)Lochkov 
Fm. 
sparry calcite XX from vein containing black solid bitumen. Numerous, but 
small PI. Brightly greenish fluorescence colour when excited with UV light 
(15) PD-Bi-Ca 
 
PDfr-Bi-Qz 
 
 
PDlob-Bi-Ca-1-2 
 
Uppermost 
"	#$ 
picked from E 46171, brownish block cements from bitumen-filled orthoceras 
cone, brightly greenish fluorescence colour when excited with UV light  
picked from E 46173, milky, subidiomorphic quartz XX from vein containing 
solid bitumen. Abundant PI, intensive greenish fluorescence colour when 
excited with ultraviolet light 
picked from E 46172, brownish block cements from bitumen-filled lobolite, 
brightly greenish fluorescence colour when excited with UV light  
 
(16) BS-Qz "	#$ isolated, idiomorphic stalky smoky quartz XX up to 4 mm length from a late 
stage mineralisation of a bitumen-filled vein. Tremendous amounts of PI up to 
80 µm, few AFI, mostly greenish fluorescence, PI concentrated in crystal tips 
(17) VCS2-Ca-1 
 
VCS-Bi-Ca-1-2 
 
Lochkov Fm. whitish sparry calcite XX from a vein containing solid bitumen, abundant 
AFI, only few PI <5µm 
picked from E 46176, whitish sparry calcite XX from a vein containing solid 
bitumen, abundant AFI, only few PI <5µm 
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Fig. 5.1: Variability of fluid inclusions in idiomorphic quartz crystals, sample Kosov 2. Quartz crystals grew 
as youngest phase in a vein crosscutting a diabase sill hosted in the Kopanina Fm. (Upper Silurian, Ludlow). 
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R é s u m é :  
Numerous different types of inclusions in a variety of host minerals have been identified in fluid 
inclusion samples from the same localities as bitumen samples. In all samples containing fluid 
inclusions, petroleum inclusions have been detected. In many subvertical veins, five different 
crystallisation successions could be differentiated. A first generation of milky calcite and quartz 
crystals contains aqueous and petroleum inclusions. Crystals of this generation show the 
development of sub-grains and calcite twin lamella that indicate a tectonic overprint, probably 
during the Variscan orogeny. Black solid bitumens represent the remnants of an early phase of 
petroleum migration. Idiomorphic quartz and yellowish sparry calcite crystals contain abundant 
petroleum inclusions and angular fragments of solid bitumen. Aqueous inclusions step back in 
crystals of this generation. The size of petroleum inclusions can reach up to 0.8 mm. Besides pure 
aqueous and pure petroleum inclusions, also inclusions with immiscible phases of aqueous 
solutions and petroleum occur. A third generation of calcites shows no evidence on tectonic 
deformation and contains small, aqueous and petroleum inclusions. 
a) Transmittent light picture of a 0.7 mm large two-phased petroleum inclusion (arrow). The 
remarkable size of PI in samples from the Prague Basin facilitates geochemical analyses. 
b) Twilight micrograph of a ca 100 µm large petroleum inclusion. Within the two-phased inclusion, 
brownish, probably higher molecular components (“tar spots”) can be seen (1). Thread-shaped 
appendices indicate a secondary origin of this fluid inclusion (2). 
c+d) Photograph in transmittent light (c) and in UV excited mode (d). Polyphased inclusions (1) co-exist 
with pure hydrocarbon inclusions (2). In a single inclusion, petroleum (3, yellowish fluorescence 
when excited with UV light) can be trapped with aqueous fluids (4, not fluorescing in the UV mode). 
Higher molecular constituents are concentrated on the marginal part of the petroleum phase (5). 
Due to an increased viscosity of these components they finger into the aqueous phase. A daughter 
mineral, probably gypsum, precipitated from the aqueous phase (6). This indicates a salinity >26% 
NaCl equiv. (Goldstein & Reynolds, 1994). Pure hydrocarbon inclusions exhibit a greenish 
fluorescence colour. 
e) Rhombus-shaped fluid inclusions with greenish fluorescence colour. The gas / liquid phase ratio 
and Thom values are very similar for this set of fluid inclusions, therefore they can be addressed as 
one fluid inclusion assemblage. One inclusion shows the beginning of necking down (arrow). 
f) Within a single crystal, yellowish, elongated fluid inclusions with a yellowish fluorescence colour 
(1) and inclusions with negative crystal form (2) occur. Greenish fluorescence colour of “negative 
crystal” could be intrinsic or be caused by refracted fluorescence light from PI. 
g+h) Photograph in transmittent light (g) and in twilight mode (h). In addition to yellowish, brownish and 
greenish colours, PI can also be clear. While in pure transmittent light (photograph g) only the 
upper part of a brownish petroleum inclusion (1) and two aqueous (2) in a spherical triangle can be 
seen, in the twilight mode a second, larger petroleum inclusion appears (3). The spherical triangle 
turns out to be a quartz spur sticking into this petroleum inclusion and containing two aqueous 
inclusions. 
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5.2 Microthermometry on fluid inclusions 
Microthermometry on fluid inclusions provides information on the pressure and temperature (PT) 
conditions at the time at which the inclusions were trapped in their host minerals (Hollister & 
Crawford, 1981; Roedder, 1984; Goldstein & Reynolds, 1994). Measurements are based on phase 
transitions induced by temperature changes on a heating-cooling stage and observed under the 
microscope. Phase transitions are reproducible with an accuracy <1°C (cf. section 2.2). Systematic 
microthermometrical measurements were restricted to three different types of fluid inclusions: 
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crystals of locality 2 (Dolomite Quarry) and idiomorphic smoky quartz crystals from Kosov 
Quarry. As petroleum inclusions clearly predominate over aqueous inclusions in these samples, no 
systematic cryometric data have been determined. 
In the following, the basic principles of fluid inclusion microthermometry will briefly be outlined. 
Measurements of phase transitions are done only when heating the sample, because during cooling, 
metastable states occur. To aid understanding, a hypothetical fluid inclusion is tracked in pressure-
temperature-space (Fig. 5.2). At room temperature the fluid inclusion may have a liquid and a 
vapour phase (A). When heating the sample, the PT values of the fluid inclusion move along the 
liquid/vapour phase boundary. As is does so, the vapour bubble becomes smaller and smaller and 
the fluid inclusion homogenises to give a single liquid phase, in this example at 75°C. This 
homogenisation temperature (Thom) is related, but not equal to the trapping temperature of the 
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Fig. 5.2: Influence of pressure on the correction of Thom to Ttrap values, illustrated on a phase diagram of 
a hypothetical aqueous inclusion with a salinity of 1 weight % NaCl. Modified after Burruss (1989), for 
explanations, see text. 
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inclusion and is the basic measurement value for temperature considerations. PT conditions within 
the homogeneous inclusion can only vary along the so-called isochore, a line of constant specific 
volume and density. The internal pressure of the inclusion is a function of its specific density, 
chemical composition and the external pressure and temperature conditions. Aqueous solutions 
with higher salinities have isochores with a flatter slope, the specific density of an isochore is 
dependant on the PT conditions at its trapping time. The trapping temperature of the inclusion will 
be at the interception between the thermobaric gradient and the isochore. The temperature 
difference between Thom and Ttrap, dependent on the pressure at Ttrap and the slope of the isochore, is 
referred as the pressure correction. Hence the pressure correction clearly depends on whether 
normal (hydrostatic) or abnormally pressured conditions existed at the time of fluid entrapment. As 
shown in Fig. 5.2, assuming a hydrostatic gradient the trapping temperature of the inclusion would 
be 100°C, whereas the trapping temperature would have been 125°C assuming a lithostatic 
gradient. 
To interprete microthermometrical measurements on aqueous and petroleum inclusions, several 
basic assumptions must be made (Burruss, 1989) 
i) The fluids were trapped as an one-phase inclusion. 
ii) The volume of the inclusion did not change after trapping.  
iii) The composition of the fluid did not change after trapping. 
iv) The influence of pressure on the difference between trapping temperature (Ttrap) and 
homogenisation temperature (Thom) is known. 
v) The time and mechanism of fluid entrapment is known.  
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Fig. 5.3: Phase diagram illustrating the mechanism of recalibration due to subsidence and internal 
overpressure, modified after Burruss (1989). For explanations, see text. 
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Assuming that there has been no stretching of leakage of fluids during their geologic history and 
during sample preparation, Thom is the minimum trapping temperature of a homogeneous fluid. 
However, these assumptions are not always fulfilled. 
In Fig. 5.3, the process of natural resetting or recalibration of fluid inclusion temperatures is 
illustrated. The internal pressure of a hypothetical fluid inclusion trapped at Ttrap will move up 
along its original isochore during subsidence and subsequent warming assuming a geothermal 
gradient of 30°C/km. After a burial of 1.7 km, the internal pressure of this inclusion will exceed the 
hydrostatic pressure by more than 40 MPa (~400 bar). At this recalibration temperature Trec 
(150°C) the inclusion may stretch or decrepitate. The original Thom will be shifted to the crossing 
point of the recalibrated isochore with the liquid/vapour phase boundary. This Thom rec value 
therefore represents maximum burial temperatures rather than trapping temperatures.  
The larger the size of fluid inclusions, the more sensitive they are to recalibration. Therefore, a 
positive correlation in a cross-plot of Thom vs. size or volume of fluid inclusions indicates 
recalibration. Cleavage planes cause fluid inclusions in calcites to be more prone for recalibration 
than inclusions in quartz crystals (Goldstein, 1986; Burruss, 1987). Besides the volume and the 
host mineral, the shape of an inclusion controls its resistivity against recalibration (Osborne & 
Haszeldine, 1993). 
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correlation does not point to a recalibration of Thom values. 
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Aqueous and petroleum inclusions trapped at the same PT conditions have different Thom values 
due to different slopes of isochores. Thom values of PI are much more sensitive to pressure 
correction than Thom values of AFI due to more flat lying isochores (Roedder & Bodnar, 1980; 
Burruss, 1981; Narr & Burruss, 1984). Therefore, Thom values are significantly lower for PI than for 
AFI that have been trapped at the same temperature. 
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clear relationship between Thom values and volume of the inclusions (cf. Fig. 5.4). Therefore, a 
recalibration of fluid inclusions during burial is not likely for these quartz crystals. The size of 
inclusions did not exceed 120 µm in these crystals. In addition, no indicators of a tectonic 
deformation could be found in these idiomorphic quartz crystals occurring as a late crystallisation 
stage in bitumen-filled veins. 
Fluid inclusions from late diagenetic quartz crystals show a wide range of gas/liquid phase ratios 
determined at 21°C (e.g. BS2-Qz, 0.4-50%). For sub-spherical inclusions, this gas/liquid phase 
ratio has been calculated assuming an ellipsoid shape of the inclusions and a spherical shape of the 
vapour bubble. For irregular-shaped inclusions, gas/liquid phase ratios have been estimated. The 
difficulty of estimating gas/liquid phase ratios of irregularly shaped fluid inclusions becomes 
evident when comparing these data with data acquired with a confocal microscope (pers. com. 
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Fig. 5.5: Thom values vs. gas/liquid phase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gas/liquid phase ratio at 21°C is not related with the homogenisation temperature, hence differences are 
based on a different geochemical composition of PI. 
108  
 
Rebecca Lloyd). Therefore, only inclusions with a more or less sub-spherical shape are plotted in 
Fig. 5.5. However, a comparison of Thom values vs. gas/liquid phase ratios does not show any 
relationship between these values (Fig. 5.5). Therefore, different gas/liquid phase ratios have to be 
attributed to a differing chemical composition of the fluids and are not related to individual 
trapping temperatures. 
Numerical simulations can be calibrated on true as well as on recalibrated trapping temperatures 
(Leischner et al., 1993a; 1993b; Zwach, 1995; Petmecky, 1998; Karg, 1998). Of key importance 
for such a use is the knowledge on the timing of fluid entrapment or the timing of recalibration. 
Most of the analysed samples come from vein mineralisations in fractures containing bitumen. 
Hydrothermal processes must be taken into account for the mineralisation of these veins (Suchý et 
al., 2000). Whereas the temperature information deduced from the measurement of primary 
inclusions is still valid for the precipitation of the host mineral, this temperature is not 
representative for temperatures reached during subsequent burial. As this burial is responsible for 
the maturation of organic matter in the host rock strata, Thom values from vein minerals cannot be 
used to calibrate a numerical model in the Prague Basin. 
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Fig. 5.6: Histogram of Thom values measured in a quartz crystal from Kosov Quarry (KS2-Qz, chip 
HV12). Thom values of AFI vary between 60 and 75°C, whereas PI show a much larger spread of Thom 
data from 65 to >150°C. This points to recalibration for larger PI. 
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R é s u m é :  
Homogenisation temperatures (Thom) have been determined on three different sample types from a 
late crystallisation stage of vein mineralisations. In idiomorphic quartz crystals of type BS-Qz, Thom 
values for petroleum inclusions within one crystal varied between <60°C and >160°C. No 
correlation between gas/liquid phase ratio and homogenisation temperatures has been found. This 
indicates a variable chemical composition of individual petroleum inclusions within one crystal. In 
sample type KQ2-Qz, petroleum inclusions <200 µm yielded Thom values ranging between 67°C 
and 146°C compared to values between 63.9°C and 72.2°C determined on aqueous inclusions  
<100 µm. This higher Thom values for petroleum inclusions must be interpreted as an indicator on 
recalibration of large petroleum inclusions. As most of the samples come from veins where 
hydrothermal processes have to be taken into account, Thom values are not representative for burial 
temperatures and cannot be used to calibrate a numerical model of the Prague Basin. 
 
5.2 Geochemical analysis of petroleum inclusions 
Apart from pioneer studies of Murray (1957), who used mass spectrometry to analysed oils trapped 
in quartz crystals from vugs in gas reservoirs in Mississippian dolomites of the Alberta Basin 
(Canada), early studies of Burruss (1981) were among the first to investigate the geochemical 
composition of petroleum inclusions and indicating the potential use of these data to reconstruct the 
migration and filling history of petroleum reservoirs. Whereas Burruss (1981) used a offline crush-
and-leach approach that does not give information on the light hydrocarbon composition of 
petroleum inclusions, Horsfield & Mc Limans (1984) first introduced an online decrepitation – 
thermal extraction approach in combination with microthermometrical data to elucidate the filling 
history of the Cretaceous Mishrif reservoirs, Fateh field, Dubai. The offline crush-and-leach 
approach is advantageous for the analysis of high molecular compounds such as biomarkers or 
aromatic compounds to gain information on source and maturity of the included oils. This approach 
has been applied in an increasing number of case histories e.g. Karlsen et al. (1993), Jochum et al., 
(1995a), George et al. (1997, 1998) Isaksen et al. (1998) and Bhullar et al. (1999). In contrast, the 
online approach yields also information on the light hydrocarbon composition of petroleum 
inclusions and is more slated to reveal processes of hydrocarbon migration. Only few studies 
working with this method have been published, e.g. Horsfield & Mc Limans (1984), Jochum et al. 
(1995b), Ruble et al. (1998), Jochum (2000) and Volk et al. (2000). 
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In both of these methods, organic compounds are separated with a gas chromatograph prior to 
detection. A new technique developed by Don Hall and his team (Fluid Inclusions Technologies 
Inc.) omits this separation and detects hydrocarbons and inorganic compounds (e.g. CO2, H2S, CS2, 
SO2, S2 and He) on a set of stationary mass spectrometers (Barclay et al., 2000). In addition, the 
geochemical composition of petroleum inclusions can be assessed based on fluorescence spectra 
(Burruss, 1991, Stasiuk & Snowdon, 1997) and on gas-oil-ratios determined with the help of 
confocal microscopy on co-existing aqueous and petroleum inclusions (Aplin et al., 1999). In the 
present study, fluorescence spectra were assessed qualitatively and both online and offline analyses 
coupled with gas chromatography where performed as complementary methods for a detailed 
characterisation of petroleum trapped in fluid inclusions. 
 
5.2.1 Quantity of included petroleum 
It could be ascertained from microscopy that different crystal types and generations contained 
significantly different amounts of petroleum inclusions. Idiomorphic quartz crystals and yellowish 
sparry calcite of crystallisation generation III (cf. p. 104) contained by far the most petroleum 
inclusions. The estimated amount of petroleum in one single inclusion can be as high as 335 µg in 
crystals of type KQ1-Qz, KQ2-Qz and KQ7-Qz assuming a density of petroleum of 0.8g/cm3. 
Yellow sparry calcites of the same crystallisation generation showed a bright, yellowish and 
greenish fluorescence colour when excited with ultraviolet light, but individual inclusions were 
hard to resolve due to the high refraction index and low optical quality of calcite compared to 
quartz. In idiomorphic@>
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been classified in chip 2 measuring only 4 * 1.5 mm. In addition to idiomorphic quartz and calcite 
crystals from late crystallisation stages, blocky brownish calcite crystals from fossil molds of 
orthoceres and lobolites also contained very abundant petroleum inclusions. In contrast, 
undeformed light milky calcite crystals from a last crystallisation stage contained significantly 
lower amounts of petroleum inclusions, and no yellowish fluorescence colours could be detected in 
these inclusions. Deformed milky calcite and quartz crystals from an early crystallisation stage fall 
between these two types, no yellowish fluorescence colour has been detected in these crystals. 
The weights of crystals extracted with the crush-under-solvent method varied widely, ranging from 
113 mg (BS2-Qz) to 6.6 g (KSQ-Ca-1). Extracts are generally lean. In addition, light hydrocarbons 
are not retained during sample preparation of crush-under-solvent extracts. Thus extract weights 
from crush-under-solvent extracts would have been fraught with a high error and have not been 
determined. 
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A more accurate determination of the content of organic compounds in crystals bearing petroleum 
inclusions can be deduced from the measurements using the “MSSV-type” closed system for the 
decrepitation and thermal extraction of crystals (cf. section 2.3). Absolute amounts of detected 
compounds can be determined with an error <1%. This has been tested with standard runs 
quantifying known amounts of isobutane. However, not all organic compounds are thermally 
extracted under the mild analytical conditions that were chosen for the online analysis of petroleum 
inclusions, as especially polar and high molecular waxy compounds tend to stay in the steel liner 
due to their comparatively high vapour pressure. 
Relative contents of organic compounds in petroleum inclusion bearing crystals vary widely 
between 1370 ng HC/g (PDlob-Bi-Ca) and 7 ng HC/g (KSQ-Ca-1). All samples with relative 
contents <50 ng HC/g are white calcite crystals from a last mineralisation phase. Nine of these ten 
samples yielded gas-range compounds only. Calcites from this mineralisation phase yielded 7-179 
ng HC/g crystal (mean 43 ng HC/g crystal). Relative amounts of hydrocarbons vs. crystal weight 
were highest in idiomorphic quartz crystals from a late crystallisation phase (62-961 ng HC/g 
crystal, mean value 399 ng/g crystal) and in yellow sparry calcite crystals from the same 
mineralisation phase (186-758 ng/g crystal, mean 371 ng/g crystal). Brownish calcites from fossil 
molds and beef calcites contained also relatively high amounts of extractable petroleum (93-1370 
ng/g crystal, mean 450 ng/g crystal). In general, there is a good correlation between the optical 
assessment of the amount of petroleum inclusions and the results from the MSSV-type 
decrepitation – thermal extraction. 
Conclusively, it can be summarised that the “MSSV-type” online decrepitation – thermal extraction 
of crystals containing petroleum inclusions is the most accurate way to determine the amount of 
organic compounds that is trapped in petroleum inclusions. Quartz and calcite crystals from 
different crystallisation phases contain significantly different amounts of petroleum inclusions. 
Highest concentrations can be found in idiomorphic quartz and calcite crystals that grew after the 
solidification of a first charge of oil into black solid bitumens. In some of the quartz crystals, single 
petroleum inclusions can include up to 335 µg HC. Whitish calcite crystals occurring as the last 
crystallisation phase in fractures containing bitumen yielded the lowest concentrations of 
petroleum, and the majority of these crystals contained gas-range compounds only. An early 
crystallisation phase of milky quartz and calcite crystals yielded relative amounts of petroleum that 
are intermediate between these two sample types. In general, a good correlation in between the 
optical assessment of relative abundance of petroleum inclusions and the results from online 
decrepitation – thermal extraction has been found. 
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5.2.2 Classification of petroleum inclusion groups 
Crystals have been analysed for their bulk composition of petroleum inclusions using an online 
MSSV-type system for the decrepitation and thermal extraction of petroleum inclusions as well as 
an offline crush-and-leach approach. Chromatograms from closed system MSSV-type analyses of 
crystals and crush under solvent analyses are given in Appendix Q and R. Diagrams with quantified 
aliphatic compounds (n-alkanes, pristane and phytane) are given in Appendix S. Absolute amounts 
of compounds from online decrepitation – thermal extraction of PI samples are given Appendix J, 
geochemical parameters formed on these quantified amounts are provided in Appendix I. 
The classification described below is based on the relative distribution of n-alkanes (n-alkane 
envelope), pristane and phytane using the online MSSV-type system. In contrast to C15+ analysis of 
aliphatic compounds in bitumens, where the geochemical information is limited to C15+ range 
aliphatic compounds, the online analysis of petroleum inclusions yields quantitative results for all 
compounds making up the relative bulk composition of petroleum inclusions that are included in 
the analysed crystal(s). Results from MSSV-type measurements of petroleum inclusions are 
compiled from Oliver Burde’s (47) and my own measurements (10).  
Many of the analysed crystals containing petroleum inclusions are closely associated with different 
types of bitumen. Therefore, a thoroughly cleaning of the analysed crystals was of key importance 
to ensure that the geochemical information obtained from the analysis of crystals bearing petroleum 
inclusions really stemmed from petroleum inclusions and not from bitumen adhering to the crystal 
surface. The cleaning of crystals was performed three times in an ultrasonic bath containing 
dichloromethane. In a series of test measurements of similar crystals with different amounts of 
adherent, the influence of this extracted bitumen on the measurement has been shown to be 
negligible (Burde et al. internal report FZ Jülich 500499, 1999). However, many crystals contain 
also solid bitumen inclusions. In these crystals it is not possible preclude that the geochemical 
signal does also originate partly from included bitumen.  
From analytical causes and different preservation stages, bitumens and petroleum inclusions show 
differences in their chromatograms. Due to alteration processes, the aliphatic fraction of bitumen 
extracts often shows a hump of Unresolved Complex Mixture (UCM). Petroleums trapped in fluid 
inclusions are protected from further alteration and rarely show such a UCM.  
In the following section, characteristics of PI groups PI-A to PI-E will be outlined. In between 
these groups, various mixtures occur. For a comparison with bitumen groups defined from 
measurements of aliphatic n-C15+ hydrocarbons, see section 4.3.4. Groups A and E are restricted to 
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petroleum inclusions and have no corresponding counterpart in bitumen samples. The classification 
of petroleum inclusion samples into groups and mixtures is given in Tab. 5.3, the detailed group 
index in this table indicates semi-quantitatively the “purity” of the group assignment with two to 
five characters in decreasing significance. Typical chromatograms showing the major 
characteristics of different petroleum inclusion groups are depicted in Fig. 5.7. From a ternary plot 
of boiling ranges Σ C1 through n-C5, Σ peaks succeeding n-C5 through n-C14 and Σ peaks 
succeeding n-C14 through n-C32 gas/oil-ratios (GOR) can be read directly from an axis connected 
with the bulk gas content (cf. Appendix T). However, the use of this ternary plot of totals is 
restricted due to an overestimation of high molecular weight compounds, although column 
bleeding has been subtracted. 
• G r o u p  P I - A  shows a maximum in the n-alkane distribution at n-C8-11. 
Chromatograms of samples of this group show a ramp-like distribution of higher n-alkanes 
(Fig. 5.7.a) and usually yield a strong signal relative to the crystal weight. The distribution of 
compounds as seen in group PI-A is typical for so called “live oils”, i.e. oils which are 
charged with gas and light hydrocarbons and which, when reservoired, may be commercially 
producible (cf. Fig. 5.7.a, KQ6-Ca-1). Six samples from quartz crystals (KQ2-Qz-1; KQ3-
Qz; KQ8-Qz-1; KQ9-Qz-1; MQ-Bi-Qz; ZL-Qz-6) and eight samples from calcites (CB-Ca-
1; CB-Ca-2; HQsl-Bi-Ca; KL-Ca-d-1; KL-Ca-h-1; KQ6-Ca; SVJ1-Ca; ZL-Ca-1) have been 
classified into group A. The gas/oil ratio (GOR) values of samples of this group range 
between 0.04 (KQ6-Ca) and 0.44 (MQ-Bi-Qz). 
Samples of group PI-A come from an early generation of milky quartz and calcite crystals as 
well as from idiomorphic quartz and calcite crystals from a younger crystallisation stage or 
from calcites in fossil molds (cf. Tab. 5.2). 
• Group PI-B is characterised by a maximum in the concentration of n-alkanes between n-C13 
and n-C20 (Fig. 5.7.b). Light hydrocarbons in various amounts can be found in all samples. 
Six quartz samples (KQ4-Qz; KQ5-Qz; KSQ Qz; PDfr-Bi-Qz; SVJ-Bi-Qz; ZL-Qz-5) and 
five calcite samples (CQ-CaBi; HQsol-Bi-Ca; MQceph-Bi-Ca; PD-Bi-Ca; PDlob-Bi-Ca-2) 
were attributed to group B. GOR values in this group range between 0.05 (PDlob-Bi-Ca-2) 
and 0.78 (CQ-Ca-Bi). 
Samples of group PI-B come from the same variety of paragenetic settings as samples of 
group PI-A (cf. Tab. 5.2). 
• G r o u p  P I - C  is characterised by a maximum in the n-alkane distribution at n-C30-34, in 
none of the analysed samples does this group occur as a pure end member, in both samples 
KQ2-Ca-1 and PDlob-Bi-Ca-1 classified as group C also characteristics of other groups are 
prominent. Both samples differ significantly from the rest of the analysed crystals. Organic 
compounds in sample KQ2-Ca-1 show n-alk-1-ene/n-alkane doublet, in addition to n-alkanes 
other compounds that could not be identified in this GC-FID measurement elute in the range 
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n-C18-32 (Fig. 5.14). Qualitatively, this sample could be classified as group C with a 
maximum at n-C31. In sample PDlob-Bi-Ca-1 a high portion of very long chain, waxy 
compounds up to n-C50 was found. In total, three GC runs were necessary to elute long chain 
n-alkanes. These crystals have been picked from a fossil mold of a bitumen-filled lobolite. 
Besides this maximum at n-C30, a more pronounced maximum is observed at n-C16, 
indicating an admixing of group B (Fig. 5.7.c). 
The yields of both samples (KQ2-Ca-1 758 ng/g crystal; PDlob-Bi-Ca 1370 ng/g crystal) 
were extraordinary high compared to the mean of 277 ng/g crystal for all 57 quantifiable 
crystals. In addition, GOR values of these samples are the lowest of the analysed sample set 
(KQ2-Ca-1 0.03; PDlob-Bi-Ca-1 0.01). 
• G r o u p  P I - D  is characterised by a Gaussian distribution in the n-alkane envelope 
centred on n-C26-28. Four quartz samples (DQ-Qz-1; KQ7-Qz; SVJ2-Qz; ZL-Qz-2) and three 
calcite samples (CG-Semil-Bi-Ca; CQ-Bi-Ca-1; KL-Ca-m-1) have been classified as group 
PI-D. In addition to a maximum at n-C26-27, significant portions of light hydrocarbons and 
admixtures of other groups can also be found. GOR values in this group range between 0.04 
(CG-Semil-Bi-Ca) and 0.93 (CQ-Bi-Ca-1). 
Samples of group PI-D come exclusively from vein mineralisations, no specific correlation 
with individual crystallisation phases, mineralogies or crystal habits was found. 
• G r o u p  P I - E  is almost exclusively made up of gas-range compounds. 14 samples have 
been classified into this group (CKQ3-Ca; CQ-E46167; DQ-1-SD-1; DQ-Ca; KSQ Ca-1; 
LS-Ca; MKQ-Ca-1; MKQ-Ca-2; MQlobBi-Ca; SVJ1-Bi-Ca; SVJ3-Ca-1; VCS2-Ca-1; VCS-
Bi-Ca; VCS-Bi-Ca-2). Crystals of group PI-E have the lowest concentration of organic 
compounds compared to the sample weights. Thermal extraction yields vary between 7 and 
179 ng/g crystal, gas-oil ratios (GOR) range between 0.24 and 0.60 (excluding SVJ1-Bi-Ca 
due to unidentified higher molecular weight compounds). The reliable determination of 
geochemical parameters based on the relative distribution of compounds such as Pr/Ph, ISO 
1-4, CPI and OEP values was not possible for samples of this group. In addition, in many 
samples of group PI-E co-eluting unknown compounds in the range i-C5 – n-C5 together with 
increased benzene concentrations were found (Appendix Q). Although these compounds 
could not be determined, from the elution order cyclobutane and furan are suspected to be 
contained in these co-eluting peaks (pers. com. Simon George). 
All samples of group PI-E are from calcite crystals, most frequently from the last 
mineralisation stage of a post-Variscan phase (cf. section 5.1, p. 104, type iv). 
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Tab. 5.3a: Classification of petroleum inclusion samples based on decrepitation - thermal extraction measurements. 
 
Location1 and sample 
identification2 
Chrom.-
No. 
Plot 
index 
Detailed 
group index3 
Relative amounts of 
characteristic n-alkanes  
C2-4 : C8-11 : C13-20 : C25-28 : C30-32 
Remarks 
(1) MQceph-Bi-Ca 
 MQ-Bi-Qz 
 MQ-Bi-Ca 
 MQlobBi-Ca 
 
48 
46 
44 
49 
 
 
A 
A 
B 
E 
 
AEB 
AB 
BA 
EBA 
 
61 : 20 : 15 : 3: 1 
63 : 22 : 12 : 2: 1 
68 : 16 : 12 : 3: 1 
75 : 15 : 10 : 0: 0 
 
 
 
 
 
 
(2) DQ-Qz-1 
 DQ-1-SD-1 
 DQ-Ca 
 
 
18 
87 
59 
 
D 
E 
E 
 
DDE 
EA 
E 
15 : 7 : 5 : 42 : 32 
81 : 15 : 4 : 0 : 0 
87 : 10 : 1 : 0 : 1 
 
alkenes 
co-eluting LHC 
co-eluting LHC 
 
(3) SVJ-Bi-Ca 
 SVJ-Bi-Qz 
 SVJ1-Ca 
 SVJ2-Qz 
 SVJ3-Ca-1 
 
67 
50 
51 
60 
88 
 
E 
M 
A 
M 
E 
 
EEE 
BAE 
AAE 
BDED 
E 
42 : 23 : 14 : 7 : 13 
34 : 27 : 28 : 8 : 3 
46 : 30 : 20 : 3 : 0 
28 : 22 : 28 : 15 : 6 
83 : 12 : 5 : 0 : 0 
 
co-eluting LHC 
 
 
 
co-eluting LHC 
(4) KQ1-Qz 
 KQ2-Ca-1 
 KQ2-Qz-1 
 KQ2-Qz-2 
 KQ3-Qz 
 KQ4-Qz 
 KQ5-Qz 
 KQ6-Ca 
 KQ7-Qz 
 KQ8-Qz-1 
 KQ9-Qz-1 
 
69 
16 
17 
27 
41 
42 
58 
63 
28 
85 
86 
 
M 
C 
A 
M 
A 
B 
B 
A 
D 
A 
A 
 
EABC 
C?? 
AAA 
EBA 
AEB 
EBA 
EB 
AAA 
DEA 
AAE 
AE 
56 : 25 : 12 : 4 : 4 
 5 : 2 : 2 : 14 : 77 
20 : 48 : 24 : 6 : 1 
54 : 29 : 14 : 3 : 0 
67 : 20 : 10 : 2 : 1 
58 : 23 : 14 : 5 : 1 
48 : 24 : 23 : 4 : 1 
14 : 53 : 29 : 4 : 0 
35 : 29 : 13 : 20 : 3 
40 : 47 : 12 : 1 : 0 
56 : 24 : 14 : 4 : 1 
 
 
?biomarkers 
(5) ZL-Qz-1 
 ZL-Qz-2 
 ZL-Qz-3 
 ZL-Qz-4 
 ZL-Qz-5 
 ZL-Qz-6 
 ZL-Ca-1 
 
22 
23 
24 
25 
26 
82 
84 
 
M 
D 
M 
M 
M 
A 
A 
 
EBA 
BDE 
EBD 
EBD 
EB 
EA 
EA 
 
49 : 26 : 21 : 4 : 0 
42 : 17 : 29 : 12 : 0 
56 : 21 : 15 : 7 : 1 
48 : 19 : 20 : 10 : 3 
56 : 17 : 21 : 5 : 1 
59 : 23 : 16 : 2 : 0 
63 : 23 : 14 : 0 : 0 
 
co-eluting LHC 
co-eluting LHC 
co-eluting LHC 
co-eluting LHC 
co-eluting LHC 
 
 
(6) HQ-SemiL-Bi-Ca 
 HQ-Sol-Bi-Ca 
 
33 
34 
 
A 
B 
 
EAB 
EB 
44 : 31 : 21 : 4 : 0 
36 : 27 : 31 : 6 : 0 
 
 
(7) KSQ Qz 
 KSQ Ca-1 
 
40 
89 
 
B 
E 
 
BBE 
E 
 68 : 15 : 16 : 0 : 0 
100 : 0 : 0 : 0 : 0 
 
 
co-eluting LHC 
1) See Fig. 4.2 2) For sample coding, see Tab. 5.1 3) Characters express characteristic of groups in 
decreasing importance, cf. section 5.2.2 
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Tab. 5.3b: Classification of petroleum inclusion samples based on decrepitation - thermal extraction measurements. 
 
Location1 and sample 
identification2 
Chrom.-
No. 
Plot 
index 
Detailed 
group index3 
Relative amounts of 
characteristic n-alkanes  
C2-4 : C8-11 : C13-20 : C25-28 : C30-32 
Remarks 
(8) CG-Sol-Bi-Ca 
 CG-Semil-Bi-Ca 
 CG-Semil-Bi-Qz 
 
52 
45 
61 
 
M 
D 
M 
 
EBACD 
BD 
BDE 
 
30 : 24 : 26 : 14 : 5 
18 : 25 : 28 : 19 : 11 
28 : 24 : 26 : 14 : 8 
 
UCM 
UCM 
co-eluting LHC 
 
(9) CKQ-Ca 
 CKQ3-Ca 
 
72 
71 
 
M 
E 
 
BCD 
EA 
63 : 22 : 12 : 2 : 1 
61 : 20 : 15 : 3 : 1 
 
 
alkenes  
(10) LS-Ca 
 
43 
 
E 
 
E 68 : 16 : 12 : 3 : 1 alkenes?, co-eluting 
LHC 
(11) CQ-Bi-Ca 
 CQ-Bi-Ca 
 CQ-CaBi 
 CQ-E46167 
 
 
29 
30 
31 
32 
 
D 
M 
B 
E 
 
DE 
EEA 
EBA 
EE? 
75 : 9 : 4 : 12 : 0 
82 : 12 : 5 : 1 : 0 
77 : 13 : 8 : 1 : 0 
86 : 7 : 7 : 0 : 0 
 
 
 
 
co-eluting LHC 
(12) MKQ-Ca-1 
 MKQ-Ca-2 
 
62 
68 
E 
E 
EE? 
EE? 
89 : 9 : 2 : 0 : 0 
90 : 7 : 2 : 0 : 1 
 
co-eluting LHC 
alkenes 
(13) KL-Ca-d-1 
 KL-Ca-h-1 
 KL-Ca-m-1 
 
90 
92 
91 
 
A 
A 
D 
 
AAA 
AAA 
BD 
41 : 33 : 22 : 4 : 0 
32 : 31 : 23 : 10 : 4 
19 : 28 : 26 : 17 : 10 
 
 
UCM 
UCM 
(14) CB-Ca-1 
 CB-Ca-2 
 
19 
20 
 
A 
A 
 
AAE 
AEE 
 
44 : 32 : 17 : 5 : 2 
59 : 31 : 10 : 0 : 0 
 
 
 
co-eluting LHC 
(15) PD-Bi-Ca 
 PDfr-Bi-Qz 
 PDlob-Bi-Ca-1 
 PDlob-Bi-Ca-2 
 
37 
56 
53 
81 
 
B 
B 
C 
B 
 
EBA 
BBE 
BC 
BBA 
74 : 15 : 11 : 0 : 0 
51 : 18 : 28 : 3 : 0 
 3 : 2 : 42 : 19 : 34 
24 : 28 : 34 : 11 : 3 
 
 
 
alkanes up to n-C50 
(16) BS-Qz 
 
70 
 
M EB 52 : 21 : 17 : 7 : 3 
 
 
(17) VCS2-Ca-1 
 VCS-Bi-Ca 
 VCS-Bi-Ca-2 
 
64 
38 
39 
 
E 
E 
E 
 
E 
EEB 
E 
80 : 16 : 1 : 0 : 3 
58 : 28 : 12 : 1 : 2 
83 : 12 : 5 : 0 : 0 
 
 
co-eluting LHC 
co-eluting LHC and ? 
co-eluting LHC 
1) See Fig. 4.2 2) For sample coding, see Tab. 5.1 3) Characters express characteristic of groups in 
decreasing importance, cf. section 5.2.2 
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a) group PI-A pristine live oil with maximum at n-C8-11
b) group PI-B petroleum with maximum at n-C15-18
8 16
8
16 30
8 27
4+?
e) group PI-E: petroleum dominated by gas compounds
d) group PI-D waxy petroleum with maximum at  n-C26-28
c) group PI-C waxy petroleum with maximum at n-C30 and n-alkanes up to n-C50
PI-A, KQ6-Ca-1
yellowish calcite from vein crosscutting
organic-rich Lite  shale
PI-EB, PDfrac-Bi-Qz-1
milky, subidiomorphic  quartz crystals from
a first gerneration of vein mineralisation
PI-BC, PDlob-Bi-Ca
brownish calcite from lobolite
mold filled with bitumen
PI-DE, DQ-Qz-1
smoky idiomorphic quartz crystal
from bitumen-filled vug
PI-E,  LS-Ca-1
latest generation of whithish calcite
from vein with black solid bitumen
16
56
53
18
62
n-C50
alk-1-ene / alkane doublets pr / ph=0.76
Fig. 5.7: Gas chromatograms of typical representatives of petroleum inclusion groups PI-A to PI-E. 
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bulk of gas-range compounds C1-5
1:4
100
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 70
 60
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 40
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 70
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 40
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100  90  80  70  60  50  40  30  20  10
4:1
3:2
2:3
20
 20
30
31
 37
40
 69
29
 48
 24
 27
 22
 25
 70
 72
 61
 52
 16
41
84 46
86
90 51
85
92
19
33
63
17
23
60
91
18
45
44 26
56
42
58 50
34
28
 5 3
81
PI-A
PI-B
PI-C
PI-D
PI-E
PI-M
Legend:
Samples:
PI-A
41 KQ3-Qz
84 ZL-Ca-1
46 MQ-Bi-Qz
20 CB-Ca-2
86 KQ9-Qz-1
90 KL-Ca-d-1
51 SVJ1-Ca
85 KQ8-Qz-1
92 KL-Ca-h-1
19 CB-Ca-1
33 HQsl-Bi-Ca
17 KQ2-Qz-1
63 KQ6-Ca
PI-B
31 CQ-CaBi
37 PD-Bi-Ca
40 KSQ Qz
44 MQceph-Bi-Ca
26 ZL-Qz-5
56 PDfr-Bi-Qz
42 KQ4-Qz
58 KQ5-Qz
50 SVJ-Bi-Qz
34 HQsol-Bi-Ca
81 PDlob-Bi-Ca-2
PI-C
16 KQ2-Ca-1
53 PDlob-Bi-Ca-1
PI-D
29 CQ-Bi-Ca
23 ZL-Qz-2
28 KQ7-Qz
60 SVJ2-Qz
91 KL-Ca-m-1
18 DQ-Qz-1
45 CG-Semil-Bi-Ca
PI-E
89 KSQ Ca-1
43 LS-Ca
68 MKQ-Ca-2
59 DQ-Ca
64 VCS2-Ca-1
32 CQ-E46167
62 MKQ-Ca-1
87 DQ-1-SD-1
88 SVJ3-Ca-1
67 SVJ1-Bi-Ca
71 CKQ2-Ca
49 MQlobBi-Ca
PI-M
30 CQ-Bi-Ca
48 MQ-Bi-Ca
69 KQ1-Qz
24 ZL-Qz-3
27 KQ2-Qz-2
22 ZL-Qz-1
25 ZL-Qz-4
70 BS-Qz
52 CG-Sol-Bi-Ca
72 CKQ-Ca
61 CG-Semil-Bi-Qz
samples within groups are listed in decreasing gas content
Fig. 5.8: Ternary plot of gas range compounds (C1-5 bulk), middle and long chain n-alkanes. 
Ratios on broken lines on the right axis are middle vs. long chain n-alkanes, on the bottom axis  
gas/n-alkane ratio (%). 
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6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
e) PI-E:  Maximum at n-C1-4
6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
f) PI-M:  variable maxima, "mixtures"
6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
c) PI-C:  Maximum at n-C30-32 d) PI-D:  Maximum at n-C25-28
6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
a) PI-A:  Maximum at n-C8-11
6 n-C2-4
6 n-C8-11
6 n-C13-206 n-C25-28
6 n-C30-32
b) PI-B:  Maximum at n-C13-20
Fig. 5.9: Star diagrams of the relative distribution of maxima that have been used to discriminate 
geochemically different groups of petroleum inclusions. 
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A ternary plot of gas compounds (bulk) up to n-C5 vs. middle chain n-alkanes (n-C6 to n-C14) vs. 
long chain alkanes (n-C15 to n-C32) was used by Horsfield (1989) for the typing of kerogens based 
on pyrolysis experiments. The same plot has been chosen to assess groups and mixing rows of 
petroleum inclusion samples (Fig. 5.8). In addition, the relative amounts of characteristic n-alkane 
groups provided in Table 5.3 is visualised in star diagrams of the diagnostic n-alkane groups (Fig. 
5.9). 
Samples of group PI-A plot in a field with a constant middle/long chain ratio of ca 4:1 to 3.2. The 
gas/n-alkane ratio shows a large variability between 16 to 64% (KQ3-Qz to KQ6-Ca, Fig. 5.8), the 
portion on the characteristic group Σ n-C8-11 reach up to 52% (KQ6-Ca) compared to characteristic 
groups of other PI- groups. However, the portion of gas-range compounds Σ n-C2-4 in samples can 
be as high as 66% (KQ3-Qz) (cf. Tab. 5.3 and Fig. 5.9.a). Gas/n-alkane ratios in samples of group 
PI-B vary between 24 and 77% (PDlob-Bi-Ca-2 to CQ-CaBi, Fig. 5.8). With decreasing gas 
content, the ratio middle to long chain n-alkanes shifts from >3:2 to about 2:3 (Fig. 5.8). Highest 
relative portions of the characteristic n-alkane group Σ n-C13-20 reach up to 34% (PDlob-Bi-Ca-2). 
Similar to group PI-A, in many of the analysed crystals gas-range compounds prevail other 
characteristic n-alkane groups (Fig. 5.9.b). Sample of group PI-C have more than 80% n-alkanes 
with carbon numbers >14 compared n-alkanes in the range n-C6-14 and the bulk of gas range 
compounds (Fig. 5.8). In the star diagram of diagnostic n-alkane groups, the contribution of 
features typical for group PI-B is evident (Fig. 5.9.c). Samples of group PI-D show always 
significant portions of characteristics typical for other PI groups (Fig. 5.9.d). Therefore, samples of 
fields of
source rock and bitumen extracts
0.1PI-M
PI-E
PI-A
PI-B
PI-C
PI-D
Legend:
0.1 1
I S O  2  ( p h y t a n e  /  n - C 1 8 )
1
0.5
0.1
0.5
Fig. 5.10: Plot of pristane/n-C17 vs. phytane/n-C18 for petroleum inclusion samples analysed with an online 
decrepitation – thermal extraction system. Interpreted fields adopted from Hunt (1996), p. 542. 
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these group scatter widely in a ternary plot as shown in Fig. 5.8. However, the characteristic 
maximum at n-C25-28 more clearly visible in the chromatograms of these samples (Appendix Q). 
Samples of group PI-E have more than 77% gas range compounds compared to n-alkanes with 
carbon numbers >5 (Fig. 5.8, Fig. 5.9.e). 
CPI 1 values formed in the range n-C25-28 vary between 0.61 (ZL-Ca-1) and 1.20 (CQ-Bi-Ca-1), a 
lower value of sample KQ2-Ca-1 (0.35) and higher values of sample SVJ1-Bi-Ca and VCS2-Ca-1 
(1.84 and 2.00) are considered not reliable. This CPI values close to 1 indicate mature oils for all of 
the samples. A plot of ISO 1 (Pr/n-C17) vs. ISO 2 (Ph/n-C18) can be used to assess source, maturity 
or biodegradation of oils in PI. Like source rock (Fig. 3.11) and bitumen extracts (Fig. 4.11) only a 
small variability of source is indicated from this plot (Fig. 5.10). Most samples plot in the field 
typical for oils soured from type II-III and type III kerogen, similar to source rock and bitumen 
extracts. Samples plotting in the field of type II kerogen all show alk-1-ene/alkane doublets. This 
relatively low ISO 1 values are interpreted as an indicator on thermochemical sulphate reduction 
and/or natural pyrolysis due to fritting with volcanic dykes (cf. section 5.2.4 and Fig. 6.1).  
ISO 4 values used to discriminate group BI-D from other bitumen groups, ranges between 0.02 
(CKQ3-Ca and KQ2-Ca-1) and 0.64 (SVJ2-Qz) for PI samples. There exists no significant 
correlation in between the classification into different PI groups and ISO 4 values. Neither a 
regional trend of different PI groups nor a correlation of PI groups with stratigraphy has been found 
in within the Prague Basin. This can be attributed to a migration that was predominately bound to 
fractures (cf. section 4.2.2). In contrast, samples from group PI-E all come from a last 
crystallisation stage of whitish calcite crystals in subvertical veins. 
R é s u m é :  
Petroleum inclusion samples have been classified based on their bulk composition of petroleum 
liberated in a decrepitation – thermal extraction system. Analogue to bitumen samples, the 
classification was based on the shape and distribution of the n-alkane envelope. 14 samples have 
been classified as PI-A, characterised by a maximum at n-C8-11 and a ramp-like decrease in the 
concentration of higher molecular n-alkanes. This distribution very much resembles producible 
“live” oils. Group PI-B is characterised by a maximum between n-C13-20, samples and was found 
for eleven samples. Two samples have been classified as group PI-C. Both samples have in 
common a maximum in the n-alkane distribution between n-C30-32. In between these two samples, 
significant differences can be found. Seven samples with an additional maximum in the n-alkane 
distribution at n-C25-28 (PI-D) were found. The amount on gas-range compounds varies significantly 
between the samples. Samples of group PI-E yielded gas-range compounds only and all come from 
a last generation vein-filling whitish calcite. For other PI groups, no preferential occurrence in 
specific mineralisation phases has been found. The same is true for the regional and stratigraphic 
122  
 
distribution of PI groups. This reflects the predominance of fracture-bound migration. CPI values 
close to 1 point to an increased maturity of the analysed oils. No geochemical parameter that 
discriminates individual PI groups unequivocally has been found. 
 
5.2.3 Implications from light hydrocarbons 
The use of the online decrepitation – thermal extraction system provides high quality light end 
information on petroleums liberated from PI samples, as no volatile compounds are lost using this 
analytical setting. Unlike to the analysis of drill stem test oils, evaporative loss and changes in 
intermolecular ratios during sample preparation can be precluded. Thompson (1979; 1983; 1987; 
1988) developed a variety of parameters to assess fractionation and maturation of oils and 
condensates based on the relative distribution of light hydrocarbons. All samples have been 
evaluated on their light hydrocarbon composition, an exemplary chromatogram showing the elution 
order of low molecular weight compounds is given in Fig. 5.12.  
Migration of hydrocarbons from deep-lying reservoirs into shallower compartments leads to phase 
changes induced by changing PT conditions. When a homogeneous liquid phase, i.e. oil, ascends 
OIL AND ASSOCIATED GAS AND LIQUID PHASES
vapourisation -
condensation
phenomena
solid - liquid
phase
separation
retrograde
condensation
evaporative
fractionation
natural
deasphalting
wax
crystallisation
gas
oil
single
gas
phase
gas
heavy
oil
gas
asphalt
light oil
shallow
oils
high
API gravity
deep
oils
low
API gravity
gas enters
from deeper
sources
gas from the
cracking of oil
Fig. 5.11: Common phase changes in petroleum reservoirs. Illustration modified from Hunt (1996),  
p. 432. 
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during secondary migration, the pressure release and temperature decrease will cause the oil to 
exsolve gas. It starts to separate into a residual liquid phase and a gas phase saturated in higher 
hydrocarbons (Hunt, 1996, p. 432). These PT conditions line up in the bubble point curve. At 
temperatures beyond the critical temperature, fluids will separate or homogenise when crossing the 
dew point curve. The PT values of bubble and dew point curves depend on the physico-chemical 
properties of the multiphase system petroleum and therefore on its geochemical composition. Di 
Primio et al. (1998) have pointed out the potential use of this relationship for hydrocarbon 
exploration, as exemplified on field studies from the Barents Sea and the North Sea Central 
Graben. 
The residual phase of evaporating oil is characterised by a light end loss. Gas stripping, i.e. the 
flushing of oil in source, carrier and reservoir rock with thermogenic gas from more deep-seated oil 
pools or gas from more deep-seated source rock layers, picks up light hydrocarbons, amplifies the 
effect of evaporative fractionation and increases the loss of light ends (Price et al., 1983; Hunt, 
1996, p. 433). The remaining oil phase of oil that has been flushed by gas is characterised by a 
sharp cut-off of light hydrocarbons (e.g. Meulbroek et al., 1998). Successive ascent of the oil-
saturated gas is associated with cooling and decompression. This may cause the gas to separate into 
a gas and a liquid phase, i.e. the evaporative condensate. Both the evaporative condensate and the 
residual fraction of the original oil are increased in light aromatic hydrocarbons.  
 
Tab. 5.4: Thompson’s indices used in this study and their response on evaporative fractionation and thermal 
maturation. For short-hand of compounds, see Fig. 5.12. 
index definition parameter type evaporative fractionation 
thermal 
maturation 
A B / n-C6 aromaticity   
B T / n-C7 aromaticity   
X X (m & p) / n-C8 aromaticity   
C n-C6+7 / (Cy-C6+M-Cy-C6) paraffinicity   
F n-C7 / n-Cy-C6 paraffinicity   
H 100*n-C7 / Σ Cy-C6 – M-Cy-C6* paraffinicity   
R n-C7 / 2M-C6 normality   
U Cy-C6 / M-Cy-C5 normality   
(*excluding 1, cis-2-DM-Cy-C5) 
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Short-hand of compounds:
compound classes:
n-Cx n-alkanes
i-Cx isoalkanes
Cy-Cx cycloalkane
aromatics:
B benzene
T toluene
X Xylene
branched isomers:
x-M methylated on position x
x,y-DM dimethylated on position x,y
x,y,z-TM trimethylated on position x,y,z
cis, trans stereoisomery of cycloalkane
*x,y,z = numbers
n-alkanes branched alkanes cycloalkanes aromatics
11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
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Fig. 5.12: Typical distribution of light end hydrocarbons (methane through toluene) for an unfractionated live 
oil (KQ2-Qz-1). 
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Fig. 5.13: Thompson’s indices H (heptane value) vs. F (isoheptane value). Both parameters express paraffinicity 
and are shifted to higher values during thermal maturation. Class limits have been defined by Thompson (1983) 
based on the analysis of 76 North American crude oils. 
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Based on field observations and laboratory simulations, Thompson (1979; 1983; 1987; 1988) 
developed a variety of parameters to assess fractionation and maturation of oils and condensates 
from intermolecular changes in light hydrocarbons. These parameters, commonly referred as the 
“Thompson indices”, have been evaluated for all samples containing petroleum inclusions using 
light end data from the MSSV-type decrepitation – thermal extraction system. Parameter 
definitions and expected changes for evaporative fractionation and thermal maturation are listed in 
Tab. 5.4. The elution order of compounds and compound classes in the light end range is shown in 
Fig. 5.12. A tabulated summary of parameters from light end hydrocarbons is provided in 
Appendix J. A flow chart illustrating general concepts of phase changes in petroleum reservoirs 
and occurring during secondary migration is given in Fig. 5.11. 
Evaporative fractionation leads to the following changes of Thompson’s Indices in a multi-step 
system of evaporation – condensation (cf. Tab. 5.4):  
i) increase in aromaticity, i.e. in aromatic hydrocarbons relative to n-alkanes of similar 
molecular weight in both the residual phase and the evaporative condensate, 
ii) increase in normality, i.e. in unbranched alkanes and naphthenes relative to branched 
isomers, 
iii) decrease in paraffinicity, i.e. in paraffins relative to naphthenes. 
This effect is superimposed by thermal maturation, that has an opposite effect on parameters of 
aromaticity and especially on paraffinicity. Neglecting the process of evaporative fractionation may 
lead to a misinterpretation of maturity stages for both residual oils and evaporative condensates 
based on a spurious evidence of immaturity from parameters indicating paraffinicity. 
A plot of Thompson’s heptane vs. isoheptane value (H vs. F), both parameters of paraffinicity, can 
be used to assess the thermal maturity of petroleums. Based on the analysis of 76 North American 
crude oils, Thompson (1983) defined the fields “biodegraded”, “natural” or “normal”, “mature” 
and “supermature”. “Natural” or “normal” oils are gasoline-rich, light paraffinic oils with an API 
gravity of 35° to 45°, “mature” oils are defined as oils that have undergone continued heating with 
considerable thermal transformation as ring opening and chain shortening. According to his 
criteria, “mature” source rocks at a maturity level of ~ 1.0 to 1.5% vitrinite reflectance release 
“normal, natural” oils with a heptane value between 22 and 30.  
When applying the heptane vs. isoheptane cross-plot on PI-samples of the Prague Basin, most 
samples fall in the fields of “natural” and “mature” oils. Individual groups cannot be separated 
from each other in this plot. The parameters show a positive correlation between each other. The 
maturity level of about 1.0 to 1.5% VRr is confirmed by the analysis of aromatic hydrocarbons 
performed on crush-under-solvent extracts of the same samples (cf. section 5.2.5, Fig. 5.17 and 
5.18). Sample of group PI-E have lower H values compared to the general, positively correlated 
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trend of H vs. F. The distribution of H and F values ranges from “biodegraded” to “supermature” 
for this group. 
From a plot of aromaticity values vs. gas/n-alkane ratio (bulk C1 – through n-C5/n-C6-32) (Fig. 5.14) 
it is evident that low paraffinicity values of some gas-rich samples from group PI-E can be inferred 
to fractionation processes leading to an increase of aromaticity and a decrease of paraffinicity. 
Interestingly, this increase of aromaticity is not only visible for condensates of group PI-E with B 
values up to 1.34 and A values up to 3.43 (VSC-Bi-Ca-2), but also for residual oils of group PI-C 
(PDlob-Bi-Ca-1 A=2.57, B=0.60; KQ2-Ca-1 A=n.d., B=0.82). Therefore, group PI-E and PI-C are 
interpreted as an evaporative condensate and a residual phase of evaporative fractionation, 
respectively. 
For samples of group PI-A, Thompson’s aromaticity indices A, B and X, increasing with 
progressive evaporative fractionation, correlate positively with an increase of gas content (Fig. 
5.14, R2=0.70). The increased aromaticity in live oils containing lighter compounds can be related 
with a direct admixture of evaporative condensate into live oils or to the trapping of different 
petroleums in different inclusions within one single crystal. In contrast, neither Thompson’s 
paraffinicity indices C, F and H nor the maturity parameters ISO 1 (Pr/n-C17) and ISO 2 (Ph/n-C18) 
change systematically with increasing gas content.  
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Fig. 5.14: Thompson’s parameter B vs. gas/n-alkane ratio (%). A significantly higher aromaticity 
(Thompson index B) is obvious for gas-dominated PI-E and long-chain paraffinic group PI-C. This points 
to an origin involving fractionation processes for both residual oils (PI-C) as well as for condensates  
(PI-E). 
Results Petroleum inclusions 127 
 
The correlation between gas content and aromaticity is lower for samples of group PI-B (R2=0.39). 
However, unusual high aromaticity values of sample ZL-Qz-5 (A=2.07, B=1.06, X=0.42) may be 
indicative of a significant co-trapping of condensates within the same crystals, as obvious from the 
chromatographic characteristics of these samples (cf. Appendix Q). A linear fit neglecting this 
unrepresentative value leads to a correlation factor R2= 0.51. Samples of group PI-D are 
characterised by a Gaussian distribution of n-alkanes around a maximum at n-C25-28, in addition to 
this maximum significant amounts of gas compounds can be present or even be the dominant 
compound class (cf. Appendix Q). This presence of condensate compounds does also lead to a 
positive correlation of aromaticity and gas content, although the correlation degree is low due to the 
complex genetic evolution of these samples (R2=0.41). 
In Fig. 5.15 the regional distribution of PI groups and associated paraffinicity indices H have been 
visualised. A clear trend of the maturity-related parameter H and the regional position of the 
samples cannot be found. However, a vague trend indicates higher heptane values H for the north-
eastern part of the Prague Basin. This increasing maturity trend has also been found from other 
maturity-related parameters, e.g. reflectance measurements on solid bitumens (cf. section 4.2.2) 
and graptolite fragments (cf. section 7.3) as well as the crystallinity of illite (cf. section 7.3). No 
 
Fig. 5.15: Regional distribution of different PI-types and paraffinicity indices H. Values >22 indicate 
“mature”, values between 18 and 22 “normal” and values <18 “biodegraded” oils. 
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correlation on whether semi-liquid bitumen was present or not nor with the crystal type and 
mineralisation stage of samples containing petroleum inclusions exists. This lack of systematic 
maturity distribution within the Prague Basin reflects the fracture-bound migration of petroleum 
from sources of different maturity levels. In addition, especially in calcite samples secondary 
inclusions are abundant and can lead to a mixture of maturity information from different inclusions 
within one single crystal.  
R é s u m é :  
The use of an on-line system for the decrepitation and thermal extraction of samples containing PI 
yielded high quality information on light hydrocarbons for all samples. Thompson’s Indices have 
been evaluated to assess the influence of evaporative fractionation and maturation. No significant 
correlation between maturity-related paraffinicity indices C, F and H with either crystal type or PI 
group was established. The majority of samples has been classified as natural or mature oils 
according to Thompson's (1983) criteria. However, a vague regional trend towards higher maturity 
values in samples from the north-eastern part of the Prague Basin has been found. The evaluation 
of aromaticity values indicates processes of evaporative fractionation for condensates of group PI-E 
as well as for residual oils of group PI-C. Within groups PI-A, PI-B and PI-D, the gas content 
correlates positively with aromaticity indices. The increased aromaticity in petroleums containing a 
higher portion of gas compounds can be related with a direct admixture of evaporative condensate 
into petroleum of other groups or to the trapping of different petroleums in different inclusions 
within one single crystal. 
 
5.2.4 Occurrences of olefins in petroleum inclusions – evidence of  
natural pyrolysis? 
Though classically considered to occur in very low concentrations, unsaturated aliphatic 
hydrocarbons, or olefins, are known from many crude oils and condensates world-wide sourced 
from pre-Cambrian to Tertiary source rocks (Frolov & Smirnov, 1994; Frolov et al., 1996; Curiale 
& Frolov, 1998). Also in some of the investigated petroleum inclusions olefins were found in high 
concentrations (cf. Fig. 5.7.d and Fig. 5.16). The oldest reservoir rocks with petroleum containing 
olefins have been reported by McKirdy et al. (1983) from Cambrian/Precambrian carbonates of 
Namibia. The petroleum in this reservoir is likely to be sourced from carbonates of similar age and 
contains C11-21 n-alkenes in significantly higher concentrations than n-alkanes with equivalent 
carbon numbers, accompanied by high sulphur concentrations and low Pr/Ph ratios. Frolov (1995) 
identified olefins in Ordovician-sourced oils from the Ouachita and Marathon thrust belts in 
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Western Texas. According to Curiale (1992) this oil was sourced during the Cretaceous and 
migrated long distances along listric faults. Frolov & Smirnov (1994) have identified olefins in 
numerous petroleums from various basins of the former Soviet Union that are trapped in reservoirs 
of Lower Paleozoic to Cenozoic age. In addition, these authors reported statistical increase of olefin 
concentrations with increasing age of the reservoired oil. Especially in Tertiary oils, olefins are 
often found in biomarkers, e.g. as sterenes, diasterenes, oleanenes, dammarenes or hopenes, 
whereas pre-Tertiary usually contain only terminal olefins or trans-olefins (Curiale & Frolov, 
1998). 
In a critical review on the occurrence and origin of olefins, Curiale & Frolov (1998) stated that 
olefins can be stable over geological time periods and that their concentration in many crude oils is 
higher than commonly assumed. These authors differentiated one primary and three secondary 
sources of olefins. As primary input, olefins can be sourced directly from immature source rocks 
and can migrate together with other soluble organic compounds into the reservoir (e.g. Rullkötter et 
al., 1994). Due to their high reactivity, primary olefins disappear very early during thermal 
maturation (Hunt, 1996, p. 32). As secondary origin, Curiale & Frolov (1998) point out the 
migration-contamination with olefins picked up by light hydrocarbons from immature sequences, a 
“cold”, radiolytic dehydrogenation of saturated hydrocarbons, induced by the decay of uranium, 
thorium and other radioactive elements and a natural pyrolysis due to rapid and intensive heating 
by igneous bodies that intrude close to the reservoired oil. Whereas the occurrence of biomarker-
configured olefins is restricted to oils of low thermal maturity or oils contaminated by immature 
organic compounds, olefins originating from radiolytic alteration and natural pyrolysis consist of  
n-alkenes only. From experimental data and modelling results, a “cold” radiolysis produces 
predominately monoolefins with the same skeleton as the starting alkane with a random 
distribution of double bonds (cf. Curiale & Frolov (1998), Fig. 6 and Fig. 7). In contrast, high 
temperature, short term pyrolysis is known to produce terminal olefins, i.e. n-alk-1-enes for acyclic 
saturated compounds. Typical examples of oils originating from natural pyrolysis of petroleum and 
rich in terminal olefins are oils from the Dineh-bi-kayeh field, Apache County, Arizona (McKenny 
& Masters, 1968) and some unusual crude oils from the Williston Basin, Saskatchewan, Canada (Li 
et al., 1998).  
From samples of the Prague Basin, six crystals DQ-Qz-1, DQ-SD-1, KQ2-Ca-1, MKQ-Ca-1, 
MKQ-Ca-2 and CKQ3-Ca-1 contained petroleum with olefins occurring as alk-1-ene – alkane 
doublets. An artificial generation of olefins during the mild conditions of thermal extraction were 
ruled out by conduction a series of test measurements (Burde et al., internal report FZ Jülich 
500499, 1999). In addition, olefins could also be detected in crush-under-solvent extracts of 
crystals from the same type and locality (DQ2-Qz-1, DQ-SD-1). Chromatographic characteristics 
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of samples showing alkane – alk-1-ene doublets can be seen in Fig. 5.7 (DQ-Qz-1) and Fig. 5.16 
(KQ2-Ca-1). 
The maturity of samples investigated in crush-under-solvent extracts ranges between 0.94 and 
1.54% Rc based on the distribution of aromatic HC (cf. section 5.2.6). Rc (MPR) of sample DQ-SD-
1 (1.11%) falls into this maturity trend that is inferred on burial diagenesis. A preservation of 
olefins originating from biological precursors is not possible at the maturity level deduced from the 
evaluation of aromatic hydrocarbons (Curiale & Frolov, 1998). Therefore, a secondary origin of 
alk-1-enes must be assumed. The dominance of terminated olefins, i.e. alk-1-enes, points to an 
origin by natural pyrolysis rather than an origin by radiolytic dehydrogenation. Numerous volcanic 
dikes and diabase sills of Silurian and Devonian age can be found in the Prague Basin. Therefore, 
the occurrence of is inferred to contact metamorphism and natural pyrolysis of oils that have 
alkenes
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Fig. 5.16: Relationship between alkene occurrence, GOR and Pr/Ph ratio. Lowest Pr/Ph values are found 
in samples with alkenes. This is inferred to a high maturity by a natural pyrolysis of petroleum induced by 
the intrusion of volcanic dykes. 
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already been generated at times of volcanic intrusion. This mechanism has been described by Li et 
al. (1998) for a set of unusual crude oils from the Western Canadian Sedimentary Basin. 
Considering the age of the analysed samples, the preservation of relatively unstable alkenes in 
Lower Paleozoic oils is remarkable and was only possible in the protected environment of fluid 
inclusions.  
Higher molecular weight n-alkanes of sample KQ2-Ca-1 co-elute with other compounds in a 
retention range typical for triterpenoid biomarkers. However, the limited sample amount did not 
allow to verify this supposition in crush-under-solvent extracts by GC-MS. The Pr/Ph value of this 
sample (0.23) and other samples showing alk-1-ene / alkane doublets is <1, a Pr/Ph value range 
only reached by one additional sample of PI-E (SVJ3-Ca-1 0.88). Whereas Pr/Ph is widely used as 
an indicator of paleo-redox conditions, its decrease with increasing maturity is long known from 
the literature (cf. section 3.3.2). The low Pr/Ph values in samples with alk-1-ene occurrences are 
inferred to an increased maturity due to contact metamorphism and support the hypothesis that alk-
1-enes are remnants of a natural pyrolysis. The relatively low aromatic maturity value for sample 
DQ-SD-1 indicates a low sensitivity of aromatic maturity parameters on short-termed and intensive 
heat spikes. 
Altogether, the occurrence of terminated olefins in samples containing petroleum inclusions is 
interpreted as an indicator on natural pyrolysis. This is backed up by low Pr/Ph ratios typical for 
oils of an increased maturity. The preservation of olefins from Paleozoic times was favoured by the 
protection of petroleum in inclusions. 
 
5.2.5 Aromatic hydrocarbons 
Aromatic HC from fluid inclusions have been analysed from crush-under-solvent extracts. 
Alkylated benzenes, naphthalenes and phenanthrenes were found in most of the samples, e.g. 
phenanthrenes in 26 of 31 samples. Quantification was carried out in M+ mass fragmentogram of 
phenanthrenes and methylphenanthrenes (m/z=178 and 192, respectively) and for naphthalene and 
methylnaphthalenes (m/z=128 and 142, respectively). In addition, naphthalene and 
methylnaphthalenes could also be determined in many of the samples analysed in the closed system 
MSSV-type system. A tabulated list of the calculated parameters from aromatic HC of crush-under-
solvent extracts and online measurements is provided in Appendix H and I, a peak identification for 
naphthalene, phenanthrene and (di-) methylated derivatives is given in Appendix U. 
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In crush-under-solvent extracts, calculated maturities MPR range from 0.94% (HQ-Bi-SL-Ca) to 
1.54% Rc (PDlob2-Ca-1). This correlates well (R2=0.73) with Rc values derived from MNR (1.03% 
for KQ6-Ca-1 to 1.49% for KSQ-Qz, cf. Fig. 3.29). Rc values from MPI 1 yielded somewhat lower 
values due to an overestimation of phenanthrene with a higher response factor in the M+ trace 
compared to methylated phenanthrenes. The correlation factor R2 between Rc values determined on 
crush-under-solvent extracts and Rc values determined with the closed, MSSV-type system is <0.2. 
When comparing crush-under-solvent extracts and online measurements, it has to be taken into 
account that these measurements were not performed on identical crystals and that the geochemical 
composition within one crystal type can vary considerably (e.g. Fig. 5.15, outcrop 5). 
No correlation between different petroleum inclusion groups of samples and maturity values from 
aromatic HC has been found. This is also true for the gas/n-alkane ratio when correlating samples 
of all groups (R2=0.01). However, within the groups some positive correlation between gas/n-
alkane ratio and aromatic maturity (e.g. Rc MPR) exists. R2 values for these two parameters are 
0.21 for group PI-A, 0.81 for group PI-D and 0.52 for group PI-M. 
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Legend:
Rc(MPR)=0.95+1.1*log MPR
Rc(MNR)=0.17*MNR+0.82
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Fig. 5.17: Correlation of maturity parameters from aromatic hydrocarbons in crush-under-solvent extracts
of petroleum inclusions. 
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The lack of a general relationship between PI classification, gas content and aromatic maturity 
indicates that thermal maturation is not the cause for the formation of different PI groups. This has 
already been presumed from the evaluation of light hydrocarbons (cf. section 5.2.3). Thus 
evaporative fractionation, gas flushing, wax precipitation and the mixing of gases and oils are 
assumed to be the reason for the formation of different PI groups. 
Conclusively it can be remarked that Rc values derived from MPR increase from values <1.0% in 
the south-western part towards values >1.5% samples from the north-eastern part of the Prague 
Basin (Fig. 5.18). This increase in thermal maturity has also been found in the distribution of 
bitumen reflectivities (cf. section 4.2.2) and in the distribution of heptane values (cf. section 5.2.3). 
 
 
Fig. 5.18: Regional distribution of aromatic maturity values Rc, derived from MPR values of crush-under-
solvent extracts. The maturity increases from values <1.0% in the south-western part of the basin towards 
values >1.5% in the south-eastern part of the basin. 
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5.2.6 Biomarkers 
Biomarkers in petroleum inclusions have been investigated in crush-under-solvent extracts. Seven 
of 32 extracts yielded analysable sterane distributions. Quantifications were carried out on highly 
concentrated extracts using MRM-GC-MS measurements. In crush-under-solvent extracts, higher 
relative amounts of C29 sterane >60% are observed compared to the source rock extracts. All crush-
under-solvent extracts plot in a relatively narrow field in a ternary plot of C27:C28:C29 regular 
steranes (Fig. 6.2). Sample CB-Ca-1 is an exception, having a relative amount of C29 sterane of 
46%. Different PI groups are not reflected in the relative distribution of C27:C28:C29 steranes. A 
correlation of crush-under-solvent extracts with the specific source rock extracts is problematic, 
because with the exception of sample CB-Ca-1, all PI samples are relatively enriched in C29 
steranes (Fig. 6.2). The reason for this elevated C29 portions in crush-under-solvent extracts is 
unclear, as selective biodegradation of C27 and C28 steranes is unlikely for petroleum trapped in 
fluid inclusions. 
Maturity values deduced from S/(S + R) and ββ/(ββ + αα) of C29 regular steranes show differences 
for crush-under-solvent extracts. Whereas ββ/(ββ + αα) ranges from 0.57 (BS2-Qz-1) to 0.68 (KL-
Ca-d) and points to a maturity >0.7% VRr, S/(S + R) ratios range from 0.37 (BS2-Qz-1) to 0.45 
(KL-Ca-d), equivalent to a maturity <0.65% VRr (Mackenzie, 1984). The correlation between these 
75:00 77:30 80:00 82:30 85:00 87:30 90:00
0
20
40
60
80
100
m/z: 191
BS - Qz
smoky quartz crystals
e l a p s e d  t i m e  ( m i n )
?1
2
3
4
5 6
7
8
9
11
12
13
14
15
16 17 18
1
2
3 5
6
7
8
9
10
4
23 24
25
11
12
13
14
15
16
17
18
19 20
21
X
27
26 28
Labelling system of carbon atoms in
triterpanes
10
Peak identification:
1 18D (H),21E (H) - 22,29,30 - trisnorhopane (Ts)
2 17D (H)21E (H) - 22,29,30 - trisnorhop(17,21)ene
3 17D (H)21E (H) - 22,29,30 - trisnorhopane (Tm)
4 17E (H) - 22,29,30 - trisnorhopane
5 tricyclic triterpenoid
6 tetracyclic triterpenoid
7 17D (H),21E (H) - 30 - norhopane
8 30 - norhop(17,21)ene
9 17E (H),21D (H) - 30 - normoretane
10 C30 hopene
11 17D (H),21E (H) - hopane
12 hop - (13,18) - ene
13 17E (H), 21D (H) - moretane
14 17E (H),21E (H) - 30 - norhopane
15 30 - norhopene (base peak m/z 175)
16 30 - norhopene (base peak m/z 175)
17 17E (H),21D (H) - homomoretane
18 17E (H),21E (H) - dihomohopane
Fig. 5.19: Distribution of hopanes and hopenes in crush-under-solvent extracts of petroleum inclusions. 
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two parameters is very low (R2=0.25). In contrast to biomarker data, Rc values from aromatic HC 
indicate a maturity >0.9 VRr (e.g. Rc from MPR 0.94 to 1.30%). In three extracts containing 
steranes, also hopanes were found (BS2-Qz, DQ-1-SD, HQ-Bi-SL-Ca, cf. Appendix N). In total, 
hopanes were present in seven samples (BS2-Qz, CB-Ca, CKQ2-Ca; CQ-Bi-Ca, DQ-1-SD, HQ-Bi-
SL-Ca and MQceph-Bi-Ca). In these samples, unsaturated hop-(17)-enes and hopanes in the 
thermally very unstable ββ-configuration occurred, the peak matching of these compounds is 
considerable. A typical distribution of hopa(e)nes with peak identifications is given in Fig. 5.19. 
Hop(17)-enes and hopanes in ββ-configuration disappear at a very early stage of thermal maturity 
(Killops & Killops, 1993). However, these compounds occur in the same extracts having aromatic 
Rc values >0.9%. An explanation for the occurrence of these compounds could be a wide maturity 
spectrum of different inclusions within one crystal due different fluid composition at trapping times 
of primary and secondary inclusions. This explanation seems unsatisfactory, thus no further 
interpretation is based on the distribution of biomarkers. 
Altogether maturity and source information from biomarker distributions in petroleum inclusions is 
contradictive and cannot be used to correlate petroleum inclusions and possible source rocks. The 
occurrence of ββ-configured hopanes and unsaturated hop-(17)-enes in samples having aromatic 
maturity values >0.9% Rc is remarkable but difficult to interpret. 
 
5.2.7 Heterocompounds 
Heterocompounds from petroleum inclusions have been studied in full scan GC-MS measurements 
of crush-under-solvent extracts (40-600 amu). Fluoren-9-ones and carbazoles could not be detected 
in any of the analysed 32 samples. Minor amounts of sulphur-containing compounds could be 
detected in GC-MS measurements and in GC measurements interfaced with a sulphur-selective 
HALL® detector, but have not been identified unequivocally. 
Whereas fluoren-9-ones have not been detected, homologous series of fluorenes were found in 13 
of 32 samples. The geological relevance of these compounds is more or less unclear, no further 
interpretation has been based on the relative distribution of fluorenes. A typical pattern of fluorenes 
is given in Appendix W. The abundance of fluorenes and the lack of fluoren-9-ones in very fresh 
crush-under-solvent extracts is not necessarily an indicator for an artificial generation of fluoren-9-
ones as proposed by Bennett & Larter (2000), because the abundance of fluorenes is higher in a 
multitude of geological samples (pers. com. Heinz Wilkes). In this considerations it has to be taken 
into account that in low polarity NSO fractions of source rocks and bitumen extracts fluoren-9-ones 
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and carbazoles are highly enriched. Concentrations of crush-under-solvent extracts are very low, a 
liquid chromatographic separation was not carried out on these extracts. This might be an 
additional reason for the absence of fluoren-9-ones and carbazoles in crush-under-solvent extracts. 
However, if fluoren-9-ones originate from fluorenes and the observed fluoren-9-one patterns are 
interpreted as source specific (cf. Fig. 3.17), this points to a source-controlled distribution of 
fluorenes. The use of fluoren-9-ones for correlation purposes is therefore not hampered by a 
(potential) artificial origin from fluorenes. 
 
5.3 Conclusions 
Crystals bearing petroleum inclusions were found in all localities with bitumen occurrences. 
Numerous different types of inclusions in a variety of host minerals have been identified. 
Petroleum inclusions occur in vein mineralisations, beef calcites and brownish blocky calcites in 
bitumen-filled fossil molds. For many subvertical veins with bitumen occurrences, five 
mineralisation stages could be differentiated. A first generation of milky calcite and quartz crystals 
containing aqueous and petroleum inclusions has been deformed in the Variscan orogeny. Black 
solid bitumen represent the remnants of an early phase of petroleum migration. In a younger stage, 
idiomorphic quartz and yellowish sparry calcite crystals have grown. Samples of this generation 
contain extremely large and abundant PI as well as angular fragments of solid bitumen. Aqueous 
inclusions are rare in this sample type. Whitish calcites occurring as a youngest mineralisation 
phase contain aqueous and only few PI. The majority of PI show greenish fluorescence colours 
when excited with ultraviolet light. In some inclusions yellowish fluorescence colours can be 
found. 
Thom values for PI within one crystal can vary between <60°C and >160°C. The lack of relationship 
between gas/liquid phase ratio and Thom indicates a variable chemical composition of individual PI 
within one crystal. Higher Thom values for large PI >200 µm than for smaller aqueous ones indicate 
recalibration for these inclusions. As most of the samples come from veins where hydrothermal 
influences can be assumed, Thom values are not representative for burial temperatures and cannot be 
used to calibrate a numerical model of the Prague Basin. 
The bulk geochemical composition of samples containing PI has been determined using an 
“MSSV-type”, online decrepitation – thermal extraction system as well as the crush-under-solvent 
method. Whereas the crush-under-solvent method is advantageous for the analysis of high 
molecular petroleum constituents such as biomarkers and poly-aromatic compounds, the closed 
“MSSV-type” system yields high quality information on the composition of light hydrocarbons. 
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Relative amounts of petroleum trapped in individual crystals has been estimated microscopically 
and could be determined quantitatively using the online decrepitation – thermal extraction system. 
Relative concentrations vary widely between 7 and 1370 ng/g crystal. Highest concentrations of 
petroleum were found in idiomorphic quartz and calcite crystals that grew after the migration and 
thermal alteration of a first charge of petroleum. In some of quartz crystals from Kosov Quarry, 
single PI can include up to 335 µg HC/g crystal. Lowest concentrations have been determined in 
whitish calcite crystals occurring as the last crystallisation phase in fractures containing bitumen. 
Petroleum inclusion samples have been classified in five groups PI-A to PI-E based on the relative 
distribution of n-alkanes. The nomenclature of these groups followed the classification of bitumen 
groups. n-Alkanes of samples in group PI-A maximise at n-C8-11, whereas the concentration of  
n-alkanes with higher carbon numbers decreases ramp-like. This distribution is typical for pristine 
lives oil that have not been altered by gas flushing, evaporative fractionation and other processes 
that can occur during secondary migration. Group PI-B is characterised by a maximum at n-C13-20, 
and group PI-C shows a maximum at n-C30-32. Only two samples have been classified as group PI-
C. Between these two samples, significant differences can be found. Samples of group PI-D have a 
maximum at n-C25-28. The amount on gas-range compounds varies significantly in between these 
samples. Samples of group PI-E yielded gas-range compounds only and all come from a last 
generation vein-filling whitish calcite. For other PI groups, no preferential occurrence in specific 
mineralisation phases were found. This is also true for the regional and stratigraphic distribution of 
PI groups, reflecting the predominance of fracture-bound migration in the Prague Basin. 
The use of an on-line system for the decrepitation and thermal extraction of samples yielded high 
quality information on light hydrocarbons for the evaluation of Thompson’s Indices. Increased 
aromaticity values show group PI-E and PI-C to be the evaporative condensate and the residual 
phase of evaporative fractionation. For other PI groups, aromaticity is positively correlated with 
gas content. This can be related to a direct admixture of evaporative condensates or be due to co-
trapping of these condensates in other PI assemblages within the same crystal. In some samples the 
occurrence of terminated olefins together with low Pr/Ph ratios indicate a natural pyrolysis. 
Maturity information on included petroleum could be obtained from the analysis of Thompson’s 
paraffinicity indices and from the analysis of aromatic compounds in crush-under-solvent extracts. 
Especially from the evaluation of aromatic maturity values, an increasing maturity from the south-
western part of the basin with values <1.0 towards the north-eastern part with values >1.5 is 
evident. Source and maturity information of biomarkers is contradictive and difficult to interpret. 
Whereas fluoren-9-ones and carbazoles were absent in crush-under-solvent extracts, fluorenes were 
common compounds in many of the analysed samples. This might be interpreted as an indicator to 
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an artificial origin of fluoren-9-ones from the oxygenation of fluorenes, as proposed by Bennett & 
Larter (2000). 
Petroleum inclusion analysis showed that gas-migration and evaporative fractionation are important 
mechanisms of secondary petroleum migration in the Prague Basin. In addition, a pristine live oil 
could only be detected with the use of an online closed system for the decrepitation and thermal 
extraction of petroleum inclusions. Therefore, petroleum inclusion analysis yielded key information 
on migration mechanism in the Prague Basin. 
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6. Comparison and correlation of source rocks, bitumens 
and petroleum inclusions 
In Chapter 3, 4 and 5, the characteristic features of petroleum source rocks, bitumens and 
petroleum inclusions have been presented and discussed. In this Chapter, specific processes 
affecting different sample types will be discussed. In addition, a correlation based on these results 
will be worked out. 
 
6.1 Wax precipitation 
When a crude oil cools below a certain threshold temperature, wax crystals will precipitate (Hunt, 
1996, p. 435). At this temperature, i.e. the cloud point, a clear liquid will turn cloudy due to the 
flocculation of wax crystals. This phenomenon is long-known in petroleum engineering (e.g. 
Holder & Winkler (1965)) and substantial effort is made do avoid wax deposition during the 
production, transport and stocking of oil (e.g. Ajienka & Ikoku, 1990; Garcia et al. 1998; Leube et 
al., 2000). However, wax precipitation is not limited to production and transport of petroleum, and 
can also occur during natural petroleum migration (Fig. 5.11). Although wax precipitation is 
mainly a problem of waxy oils with a wax content >2% (Thanh et al., 1999), Tuttle (1983) points 
out that wax precipitation can also occur from condensates. Blending experiments by Escobedo & 
Mansoori (1992) demonstrated that mixed oils can be more prone for wax precipitation than either 
of the original oils. In addition, the presence of water with an increased salinity lowers the cloud 
point of petroleum (Al-Ghamdi & Nasr-El-Din, 1997). 
A waxy consistency with a strong predominance of n-alkanes is typical for the orange to greenish 
bitumens of group BI-D (cf. section 4.3.4). Bitumens of this group contain only very minor 
amounts of other compound classes such as i-alkanes, terpenoid and steroid biomarkers, aromatics 
and heterocompound classes. The value ISO 4 (Pr+Ph vs. 2* n-Cmax), expressing the relative 
concentration of the isoprenoids pristane and phytane relative to the maximum of n-alkanes, is very 
low ( <0.21) for all samples from group BI-D (Fig. 4.12). This is especially true for the clearest 
representatives of this group, E 46160 and E 46172, with ISO 4 values of 0.01 and 0.04, 
respectively. The concentration of biomarkers, fluoren-9-ones and carbazoles is below the 
detection limit for these two samples. For bitumen samples from other groups, ISO 4 ranges from 
0.22 to 0.78 (Fig. 4.12). These compositional attributes point to bitumen group BI-D as 
representing precipitated wax. The viscous character of precipitates of group D might be associated 
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with the presence of exsolved gaseous hydrocarbons. This relationship between exsolved gas and 
viscous consistence of bitumens has been postulated by Mann et al. (1994). With the help of a 
scanning electron microscopy on cryogenated samples (Cryo-SEM), these authors could prove 
exsolved gas bubbles in waxy bitumen coatings from fractures in a Lower Toarcian petroleum 
source rock, Hils syncline, Northern Germany. Gases saturated in higher hydrocarbons are 
suspected to have precipitated waxes in fractures of the Prague Basin. However, Cryo-SEM that 
could have solved the question of whether exsolved gas bubbles are present in wax bitumens or 
not, has not been applied. Nevertheless, ascending gases saturated in higher hydrocarbons are 
suspected to have precipitated waxy bitumens and petroleum inclusions of group BI-D and PI-D. 
A maximum of paraffin compounds at n-C26-28 is situated at low carbon numbers compared to data 
from the literature (Thanh et al., 1999). The same authors point to significant co-precipitation of 
paraffins when performing usual n-hexane precipitation of asphaltenes. The unpolar fraction of 
bitumen extracts was eluted with dichloromethane during H-MPLC fractionation. For subsequent 
MPLC fractionation, this fraction has been weighed and taken up in n-hexane. With  
n-hexane as solvent, no clear solution of unpolar compounds was achieved especially for the 
clearest representatives of BI-D (E 46160, E 46172), the solution stayed cloudy even at a strong 
surplus of n-hexane. Therefore, the maximum of n-Cmax at lower carbon numbers compared to data 
from the literature might be due to co-precipitation of paraffins during sample preparation. 
As petroleum migration in the Prague Basin was concentrated along faults, mixing of petroleum 
could have been widespread in the Prague Basin. An almost 2000 m thick section of possible 
source rocks make it very probable that oil and gas from different sources migrated along fault at 
the same time. In addition, the presence of aqueous solutions with a salinity >26% NaCl equiv that 
has been found together with petroleum in the same inclusions (cf. section 5.1, Fig. 5.1.c-d) points 
to the co-existence of saline brines and petroleum. Significant pressure and temperature changes 
occur during fluid ascent from deep-seated micro-reservoirs. Tertiary block tectonics was 
associated with an opening of fault systems. These factors may have favoured the precipitation of 
waxes that occur as the youngest phase in fractures with bitumen and petroleum inclusions 
occurrences. Gases saturated in higher hydrocarbons are believed to have generated bitumens and 
petroleum inclusions of group BI-D and PI-D. The boundary conditions for such processes are 
suitable in the Prague Basin, as migration and mixing of petroleum from different sources together 
with the presence of saline brines favour the distillate-like precipitation of wax. 
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6.2 Thermochemical sulphate reduction 
Petroleum in the reservoir can react with sulphate ions in the pore water and can be oxidised into 
CO2 by the reduction of sulphate into H2S. Inter-steps of this redox reaction are elemental sulphur 
and polysulfides. This “thermochemical sulphate reduction” (TSR) was first proposed by Orr 
(1974) and can explain the high H2S concentrations found in some deep-seated gas reservoirs as 
well as the light isotopic composition of carbonate cements that have been formed under the 
incorporation of CO2 derived from the oxidised petroleum. Elevated temperatures are needed to 
induce TSR. This minimum temperature is discussed controversially. Worden et al. (1995) 
postulate that TSR can be induced at temperatures as low as 140°C, whereas most authors require 
higher temperatures (e.g. Manzano et al., 1997; Machel, 1998). For oils that have been altered by 
TSR processes, low Pr/n-C17 values (ISO-1) are typical (Manzano et al., 1997). 
In localities 2 and (Dolomite Quarry), and 3 (Svatý Jan pod Skalou), bitumens occur in vugs hosted 
in xenotopic replacement dolomites. Replacement dolomites contain abundant dispersed and 
concentrated pyrite. Vugs are coated with sparry saddle dolomite. Bitumen intruded into the vugs 
after the precipitation of saddle dolomite. For saddle dolomites from Dolomite Quarry, Suchý et al. 
(1996) reported light isotopic values ranging from –5.0 to –8.0‰ δ18O (PDB) and –1 to 3‰ δ13C 
(PDB). However, a purely organic origin of carbon incorporated in these carbonates seems 
unlikely, as organic carbon is usually depleted in δ13C by more than ~22‰. The last mineralisation 
stage in both localities are idiomorphic, elongated smoky quartz crystals of up to 4 mm length that 
contain abundant petroleum inclusions. A relationship as outlined above is a typical remnant of 
TSR (e.g. Machel, 1987; Sassen, 1988; Worden et al., 1996). In both localities the depositional 
environment was in shallow water, proximal to volcanic complexes. Thus the presence of sulphate 
ions from the dissolution of evaporites is very probable. In petroleum inclusions of saddle 
dolomites and smoky quartz crystals of both localities alk-1-ene – alkane doublets were found. This 
has been interpreted as an indicator on a natural pyrolysis due to elevated temperatures >300°C (cf. 
section 5.2.4). Elevated temperatures favour TSR in the presence of sulfate ions. 
ISO 1 (Pr/n-C17) values in samples from Dolomite Quarry are low compared to other samples (DQ-
Qz-1, 0.23; DQ-SD-1, 0.33). This is true especially when comparing ISO 1 (Pr/n-C17) with ISO 2 
(Ph/n-C18). ISO 3 (ISO 1 / ISO 2) values are <1 for all samples containing olefins and coming from 
localities were TSR is suspected (Fig. 6.1). Therefore, a relationship of TSR processes and products 
of a natural pyrolysis is conceivable (cf. section 5.2.4). Low ISO 1 values have been described as 
typical for oils associated with TSR (Manzano et al., 1997). A final proof of TSR would have been 
the detection of H2S in petroleum inclusions. A detection of H2S would have only be possible by 
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using the closed MSSV-type system interfaced with a mass selective detector, as H2S is not 
recorded on an FID detector. Due to the low sensitivity of this system it has been applied only on 
17 rich samples, predominately to improve the analytical settings (cf. section 2.3). Sample types 
where the involvement of TSR is suspected have not been analysed in this measurement campaign. 
 
6.3 Genetic interpretation of bitumen and petroleum inclusion groups 
A genetic relationship between the groups BI-B to BI-C for bitumens and the groups PI-A to PI-E 
for petroleum inclusions has been discovered. According to their geochemical composition, the 
paragenetic relationships and the crystallisation stages in which bitumens and petroleum inclusions 
occur, the samples of individual groups A to E are interpreted as representatives of four stages of 
petroleum generation-migration (Volk et al., 2000): firstly generated, pristine live oils (A), residual 
oils from two different phases of migration (B, C), waxy precipitates (D) and gases (E). These 
individual petroleum migration phases can be characterised as follows: 
i) Pristine live oils migrated along fault zones and were trapped in petroleum inclusions (A). 
These live oils are considered to be the starting composition of other BI and PI groups. 
No other remnants of these original oils are documented in the Prague Basin either in 
reservoirs or in residual bitumens. After trapping, this petroleum has not been altered by 
thermal cracking into solid bitumens, gas flushing or biodegradation 
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Fig. 6.1: Cross plot of ISO 1 vs. ISO 2. ISO 3 values <1 are restricted to samples with olefin occurrences 
and samples where thermochemical sulphate reduction is assumed. 
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ii) Residual oils retained in source rocks and as coatings in fractures have been altered by 
thermal maturation and cracking processes. In addition, simultaneous gas migration 
picked up light hydrocarbons from these oils. This mechanism is assumed for bitumens 
and petroleum inclusions of group B. 
iii) Bitumens and petroleum inclusions of group C are interpreted as the residual phase of 
evaporative fractionation during secondary migration. 
iv) Waxy bitumens and petroleum inclusions of group D are interpreted as precipitates of 
crystallising wax during fluid ascend, decompression and cooling (D). This process is 
considered the youngest event in petroleum migration. 
v) Condensate compounds trapped in a late migration stage (E) are the products of 
evaporative fractionation and gas generation from deep-seated sources. 
Bitumens and petroleum inclusions are mostly hosted in fractures and veins. It is assumed that the 
largest part of migrating petroleum moved along a fault and fracture system that has probably been 
first developed during the Variscan orogeny. Because carrier rocks are lacking, a migration along 
faults and fractures is the only possible passway. No trends have been observed for the distribution 
of individual groups as classified above in respect to location or stratigraphy, neither for bitumens 
nor for petroleum inclusions. This agrees with the fact that there are no carrier rocks within the 
Prague Basin that would have favoured a petroleum emplacement in specific locations and/or 
stratigraphic units. 
This interpretation is in agreement with the geologic conditions in the Prague Basin and the 
conceptual models for numerical simulations of the thermal evolution. Due to a more or less 
complete, 2000 m thick sequence of mature and post-mature source rocks, the chances for trapping 
individual stages of oil (A) and gas (E) formation from different sources - even side by side within 
the same crystal - had been very high.  
 
6.4 Biomarkers and their use for correlation purposes 
Biomarkers are widely applied to correlated petroleum and petroleum source rocks. Especially 
useful for correlation purposes are steranes and hopanes, innumerable case studies have performed 
oil-oil and oil-source rock correlations using these compound classes. For samples of Prague Basin, 
all bitumen and petroleum source rock samples as well as 32 samples containing PI were analysed 
for hopanes and steranes. The relative distribution of C27, C28 and C29 regular steranes reflects 
source-specific differences of individual source rock formations (Fig. 6.2). 
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Fig. 6.2: Ternary diagram of C27:C28:C29 regular steranes. Related source rock extracts cluster in 
characteristic fields and reflect the facies-dependency of the relative distribution of steranes. Both steranes 
from bitumen and CUS extracts are shifted to C29 steranes. A correlation of bitumens, PI and specific 
source rocks is not possible from the relative distribution of steranes. 
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However, biomarker information from bitumens and petroleum inclusions is scarce and refractory. 
Only six of 26 bitumen extracts contained steranes, hopanes were identified in two bitumen 
samples only. In petroleum inclusions, ββ-configured hopanes and unsaturated hop-(17)-enes in 
samples having aromatic maturity values >0.9% Rc (MPR) have been identified. No conclusive 
evidence can be taken from this contradictive maturity information. In a ternary plot of C27:C28:C29 
regular steranes, all bitumen and petroleum inclusions, with exception of sample CB-Ca-1, have 
higher C29 concentrations than possible source rock samples (Fig. 6.2). On one hand, this would 
indicated that the investigated source rocks are not the source for the analysed bitumens and 
petroleum inclusions. On the other hand, from a screening on possible source rocks, no other 
source rocks that those that have been extracted are probable. Secondary processes as 
biodegradation might have enriched bitumens and petroleum inclusion in C29 sterane. A correlation 
of bitumens and petroleum inclusions with specific source rock formations based on the 
distribution of biomarkers is problematic. Therefore, alternative methods have been applied to 
correlate these different sample types. 
 
6.5 Heterocompounds and their use for correlation purposes 
As biomarker information from bitumens and petroleum inclusions is scarce, fluoren-9-one and 
differently substituted fluoren-9-ones have been tested as an alternative tool to correlate bitumens 
and source rocks. Fluoren-9-ones have been identified in all source rock samples as well as in 24 of 
26 bitumen samples. Carbazoles were present in five of ten source rock samples, but only in nine of 
26 bitumen samples. Fluoren-9-ones were present in 22 of 26 bitumen extracts, in four samples no 
interpretable fluoren-9-one patterns were found. Neither fluoren-9-ones nor carbazoles could not be 
detected in crush-under-solvent extracts of crystals containing petroleum inclusions. 
The same classification of fluoren-9-one patterns as applied for source rock extracts was used for 
bitumen extracts (cf. section 3.3.5). For a definition of fluoren-9-one patterns, see Fig. 3.16. The 
distribution of fluoren-9-ones is interpreted as a source indicator. An example of fingerprint 
correlation of bitumen and source rock extracts is given in Fig. 6.3. For different bitumen groups, 
the following relationship can be summarised: 
• G r o u p  B I - B  yielded predominately fluoren-9-one pattern I (six of seven samples). 
The dominant pattern I for samples from group BI-B points to a relationship with the 
+ "	#$ 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 =	% 	 	-9-one patterns, also a contribution 
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• G r o u p  B I - C  yielded predominantly fluoren-9-one pattern III (four of six samples; 
two samples group I). This points to a source relationship with the Ordovician Letná and 
Vinice Fm. 
• The clearest end members of g r o u p  B I - D  are characterised by a complete absence of 
fluoren-9-ones and carbazoles (E 46160, E 46172). Other bitumen samples from group BI-D 
yielded distribution patterns of type I (E 46152, E 46162, E 46166). The presence of 
heterocompounds in samples of group BI-D can be attributed to an admixture of group BI-B, 
as evident from the relative distribution of n-alkanes. 
Black solid bitumen sample E 46170 (Cement Bohemia) assigned as BI-S yielded a fluoren-9-one 
pattern III. Bitumens of mixtures BI-M were typed as group I and III. Fluoren-9-one pattern II, 
typical for Devonian source rocks and the Upper Silurian Kopanina Fm., has not detected in the 
analysed bitumen samples. Therefore a contribution of these possible source rocks seems unlikely 
from the analysis of heterocompounds. Fingerprinting of carbazoles in bitumen and source rock 
extracts confirms the correlation as outlined above, all source rock – bitumen samples with similar 
fluoren-9-one distributions had also similar distributions in carbazoles. 
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Fig. 6.3: Correlation of bitumens and source rocks with similar distribution pattern of fluoren-9-ones. 
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6.6 Stable carbon isotopes and their use for correlation purposes 
To constrain the correlation of bitumens and source rocks, 15 bitumen extracts and 12 source rocks 
(extracts and kerogens) have been analyses. From extracts, aliphatic, aromatic and high polarity 
NSO fractions were measured. This led to a total of 45 bitumen fractions, 36 source rock fractions 
and 12 kerogen samples. All measurements were carried out at the University of Erlangen in the 
laboratory facilities of Michael Joachimski, values are means of double determinations and could 
be determined on sample amounts as low as 10 µm. General concepts on the isotopic composition 
of petroleum and petroleum source rocks are outlined in section 3.4. 
The bulk stable isotopic composition of petroleum and petroleum source rocks can be used to 
establish oil-oil and oil-source rock correlations (e.g. Stahl, 1978; Schoell, 1984; Sofer, 1984; 
Philp, 1993). The most widely cited approaches to correlate oils and source rocks based on bulk 
isotopic compositions are those based on papers of Sofer (1984) and Stahl (1978). The “Sofer-
approach” uses a cross plot of aromatic and aliphatic hydrocarbon fractions from oils and source 
rock extracts. According to Sofer (1984) oils and source rock extract having a genetic relationship 
will cluster together in such a cross plot. Stahl‘s isotopic type curve uses regression lines of the 
isotopic composition for saturates, aromatics, the NSO fraction and asphaltenes. This regression 
line is then extrapolated to the kerogen field, the difference should be characteristic for the grade of 
genetic relationship between source rock kerogen and the oil. 
Using the Sofer approach, the bitumen groups as defined in section 4.3.4 can also be recognised in 
a different isotopic composition of aliphatic and aromatic HC. Whereas bitumens from group BI-B 
and BI-C cluster in distinct areas, precipitated waxy bitumens of group BI-D cover wide ranges 
from –27.5 to –30.3‰ and from –27.1 to –29.2‰ δ13C for the aliphatic and aromatic HC, 
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in their isotopic compositions of aromatic HC (E 46142 -24.1‰, E 47103 -29.1‰). This difference 
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The correlation of source rock extracts and kerogen is very weak for the given dataset (e.g. R2=0.02 
for aliphatics vs. kerogen). This points to a redistribution of OM within the source rocks. Thus 
source rock extracts are not necessarily representative for specific source rock horizons, a 
correlation of bitumens and source rocks must be judged with caution. 
Stahl‘s approach was modified, because the classical NSO and asphaltene fractions usually 
produced by hexane precipitation and medium pressure liquid chromatography (MPLC) are split 
into 5 chemically defined heterocompound classes and into one un-specific NSO-fraction (cf. 
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section 2.3 and 3.4.2). A high polar NSO-fraction was used instead of the NSO-fraction derived 
from MPLC fractionation after deasphaltation. In such a modified “Stahl-plot” kerogen samples  
E 46143 (Kopanina Fm.) andAB/C5G46 %J% !		'				'c curve of the 
bitumen groups. Sample E 47101, a stratigraphic equivalent to outcrop sample E 46143 (Kopanina 
Fm.) from borehole Tobolka-1, has a much lighter isotopic composition (29.0‰), plotting within 
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5.8‰ points to a bacterial degradation of outcrop sample E 46143, probably by the influence of 
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lightest kerogen value (-30.4‰) and is in the same range as aliphatic HC from bitumen extracts  
(E 46174, BI-C –30.4‰; E 46152, BI-A; -30.3‰). A genetic relationship between kerogen of 
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Fig. 6.4: Cross plot of the isotopic composition of aromatic vs. aliphatic HC for bitumen and source rock 
extracts. Interpretation line adopted from Sofer (1984).  
Results Comparison and correlation of source rocks, bitumens and petroleum inclusions 149 
 
A correlation between bitumen extracts and possible source rocks is not unequivocal. Nevertheless 
the data point to the following genetic relationship between bitumens and source rocks:  
• G r o u p  B I - B  cluster closely together in the Sofer-plot. The position of this field points 
to a genetic relationship with extracts from the Silurian source rocks and the Ordovician 
Vinice and Letná Fm. From the Stahl plot a correlation with the Ordovician Letná Fm. and 
Vinice Fm. is indicated. 
• G r o u p  B I - C  has the lightest isotopic composition. These samples plot together with 
Upper Ordovician source rock extracts in the Sofer-'	G46 %J% !G
 
• G r o u p  B I - D  shows large differences in their isotopic composition (aliphatics –27.5 to 
–30.3‰; aromatics –27.1 to –29.2‰; high polars –25.1 to –28.2‰). These differences point 
BI-C BI-B
BI-D
-32
Source rock extracts
Devonian
Silurian
Ordovician
Bitumen extracts
BI-B
BI-C
BI-D
BI-M
BI-S
δ 13C (‰ PDB)
-30 -28 -26 -24
Fig. 6.5: Cross plot of the isotopic composition of bitumen extracts and source rock kerogens, modified 
after Stahl (1978). 
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to a varied source and genetic origin of this bitumen group. A specific source rock horizon is 
not indicated for this bitumen group. 
• B I - S  (special form with affinity to PI-A) as an isotopic signature that is very similar to  
BI-B (cf. Fig. 6.4 and 6.5). Thus Silurian source rocks with some influences from the 
Ordovician Letná and Vinice Fm. are indicated. 
 
6.7 Conclusions 
Individual groups BI-B to BI-C and PI-A to PI-E are genetically related and are interpreted as 
representatives of four stages of petroleum generation-migration. A first formed, pristine live oil 
(A) is preserved exclusively in petroleum inclusions. Petroleum adherent to fracture walls and 
retained in fossil molds and vugs has been altered by thermal cracking, evaporative fractionation 
and gas flushing into two residual oils B and C. For group C, increased aromaticity values 
(Thompson’s Indices A, B and X) point to the involvement of evaporative fractionation. Group D 
is interpreted as waxy precipitates. Increased aromaticity values for gases and condensates of group 
PI-E indicate evaporative fractionation. 
A prerequisite for a numerical simulation of hydrocarbon migration is a correlation between source 
rocks and oils. In this study, bulk parameters, aliphatic hydrocarbons, steranes and hopanes, light 
hydrocarbons, fluoren-9-ones and isotope geochemistry have been applied to correlate bitumens, 
petroleum inclusions and source rocks. However, a correlation of source rocks, bitumens and 
petroleum inclusions within the Prague Basin is complicated by various reasons. 
i) Residual oils (bitumens) have been heavily altered after migration. All bitumen samples 
come from outcrops. Some of them show a significant hum of UCM. 
ii) The geochemical information from source rock extracts may not be representative for the 
specific source rock horizon due to impregnation processes. Indications for this 
assumption are contrasting maturity information from kerogen and source rock extracts, 
as shown for aromatic hydrocarbons and steranes (cf. section 3.3.3 and 3.3.4). 
Additionally, the isotopic composition of source rock extracts and kerogens shows a low 
degree of correlation (cf. section 3.4). 
iii) Information from the classical biomarker groups steranes and hopanes is scarce and 
refractory for both bitumens and petroleum inclusions. 
Nevertheless, based on the relative distribution of n-alkanes, fluoren-9-ones and the isotopic 
composition of bitumens and source rocks as well as on screening of possible source rock horizons 
a correlation of individual groups has been worked out. 
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into account as possible source rocks. The source rock potential of Devonian strata is limited to the 
Lower Lochkov Fm. and decreases rapidly with increasing stratigraphic level of this formation 
(Herten, 2000; Kranendonck, 2000). The Devonian Roblín Fm. and Daleje Fm. as well as the 
Upper Ordovician Kosov Fm. show only a very limited hydrocarbon potential (cf. sections 3.1 and 
3.2). Isotope data of the potential Ordovician source rocks do not point to a major contribution of 
G46 %J% 
 6.4). 
An interpretation of bitumen and petroleum inclusion groups is given in section 6.7. A correlation 
can be resumed as follows: 
• G r o u p  A  are live oils exclusively occurring in petroleum inclusions. Fluoren-9-ones 
have not been found in these petroleum inclusions, and isotope data are not available from 
crush-under-solvent extracts. A correlation of PI-A based on sterane distributions is not 
possible (cf. Fig. 6.2). A correlation with specific source rock horizons is not possible for 
group PI-A. 
• G r o u p  B  samples predominantly show a fluoren-9-one pattern similar to the Silurian 
  ! "	#$  ' / 
	 &&  , !!	 	  + 		
isotope data indicate a possible contribution of the Ordovician Vinice and Letná Fm. (cf. Fig. 
6.4 and 6.5). 
• G r o u p  C  	 	  	  	  +  ! "	#$  ! 	
isotope data. Additionally, fluoren-9-one patterns indicate a more pronounced contribution 
of the Ordovician Letná and Vinice Fm. than group B (cf. section 6.7). 
• G r o u p  D  samples consist almost exclusively of n-alkanes. Heterocompounds and 
biomarkers were not found in this group. The isotopic composition between different 
samples varies widely. This group is interpreted as a precipitate from ascending gases and 
condensates due to pressure release and cooling. The distribution of n-alkanes and the 
isotopic composition of samples from this group is associated with fractionation and 
precipitation processes during petroleum migration and does not allow a correlation with 
specific source horizons. 
• G r o u p  E  samples contain exclusively gas-range compounds. Thus a correlation with 
specific source rocks is not possible. 
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7. Numerical simulation of the thermal evolution  
and petroleum generation-migration in the Prague Basin 
After acquiring data on possible source rocks (Chapter 3), bitumens (Chapter 4) and petroleum 
inclusions (Chapter 5), these data have been compared and correlated with each other. In addition, 
concepts on the migration of hydrocarbons have been worked out (Chapter 6). In this Chapter, 
these data are used as input parameters for a numerical simulation of the geological evolution of the 
Prague Basin and are combined with data from fission track analyses and organic petrology that 
have been produced by other co-workers of the project “Barrandian Basin”. 
 
7.1 Introduction 
During the evolution of a sedimentary basin, numerous geological, geophysical and geochemical 
processes interact and lead to its present-day characteristics. In numerical simulations of the basin 
evolution, i.e. basin modelling (Welte & Yükler, 1980; 1981, the acting chemical and physical 
processes are quantified with mathematical algorithms, allowing hypotheses regarding the basin 
evolution to be tested objectively and scientifically. The evidence for these multiple historical 
events is fragmentary, as information is often altered, modified or destroyed by younger events 
(Poelchau et al., 1997). This is especially true for old basins such as the Prague Basin. 
Besides the commercial usage of basin modelling as an exploration technique and for risk 
assessment, basin modelling has also become a powerful tool to solve scientific questions. An 
example for such an academic use of basin modelling are studies on the geological evolution of the 
Ruhr Basin (Littke et al., 1994; Büker et al., 1995; Büker, 1996; 1996; Karg, 1998; Littke et al., in 
press) and the Saar-Nahe Basin (Hertle & Littke, 2000) both not connected with economic 
interests. This academic interest will also be the scope of the study at hand.  
In this study, IES GmbH Jülich (Integrated Exploration Systems) commercial software packages 
have been used for basin modelling. 2D basin modelling along a 10.7 km long section 
perpendicular to the basin axis and crossing the borehole Tobolka-1 was performed with the 
programme PetroMod®, version 4.2. Computations in PetroMod® are applied to numerical models 
composed of finite elements. The computations were carried out on a Sun Spark 20 workstation, 
operating system Solaris® 2.5. Detailed information on the mathematical background and 
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computation processes can be found in the literature (e.g. Wygrala, 1989; KLMet al., 1997) and 
in the handbooks of the programme. 
 
7.1.1 Principles of basin modelling 
In basin modelling, a simplified model of the geological reality is quantified as a numerical model 
and tested against calibration data. In an integrated basin analysis, the complex processes and 
dynamics induced by progressively changing PVT conditions such as compaction of sediments, 
diagenesis, fluid flow, the generation and migration of petroleum and the influence of these 
processes on each other are considered as a whole, interacting and influencing each other (Ungerer 
et al., 1984; Leischner et al., 1993a). Simulations are performed using the forward modelling 
approach, starting from an input dataset and comparing the computed results with calibration data. 
The input data set is the interface between software user and simulator module. To set up this 
dataset the geological history of the basin is resolved into different events that define the time-steps 
for the numerical simulation. These events are fundamental geological time slices following in 
chronological sequence without any undefined time gaps. The basic types of events are: 
i) deposition, 
ii) erosion or 
iii) non-deposition (hiatus). 
The “conceptual model” is a geologically meaningful approach to establish the event stratigraphy 
(Poelchau et al., 1997). Each event is assigned with geological and physical properties. The most 
important parameters for the simulation of geological processes are:  
i) absolute age of the lower and upper boundary of an event, 
ii) compacted thicknesses of preserved and eroded layers, 
iii) lithology and petrophysical properties of the deposited sediments 
iv) basal heat flow on the lower margin of the simulated section, 
v) temperature at the sediment-water interface (SWI).  
PetroMod® provides default information of a variety of petrophysical parameters, but can also be 
customised based on new measurements, or values from literature. SWI temperatures in PetroMod® 
are provided from a geological age-latitude table of average ocean surface temperatures in 
combination with paleo-water depth information. These data have been compiled by Wygrala 
(1989) based on data of Frakes (1979). 
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1D simulation provides a rapid tool to simulate the geological and geothermal evolution along a 
one dimensional outcrop (e.g. borehole). The computations of this programme are based on the 
principles of finite differences. In 2D basin modelling, geological sections are resolved into a finite 
element grid. Computations in this grid consider results from neighbouring grid cells in two 
dimensions. Therefore, lateral variations in heat flow with the modelling of influences on 
neighbouring rocks and the simulation of fluid flow is also possible.  
Various constraints can be used to calibrate numerical simulations. The parameter most widely 
used for the calibration of the thermal evolution is VRr (Ungerer et al., 1984; Leischner et al., 
/;;&2KLMet al., 1997). Waples (1980) popularised concepts of Lopatin (1971) who described 
the maturation of vitrinite based on the empirical observation, that the speed of reactions leading to 
an increase of VRr doubles per 10 °C. This concept of the “time temperature index” (TTI) was 
replaced by the EASY%Ro approach of Sweeney & Burnham (1990) who developed a model to 
compute the progressive change of VRr from a first-order parallel-reaction approach with a 
distribution of activation energies and a constant frequency factor of 1013/sec. The EASY%Ro 
model is a simplified version of the model VITRIMAT (Burnham & Sweeney, 1989), a model 
computing the progressive change of VRr based on four parallel reactions, i.e. loss of methane, 
higher hydrocarbons, water and CO2. In the study at hand, EASY%Ro was used to compute VRr. 
Additionally, the modelling of the thermal evolution can also be calibrated with other parameters 
sensitive to thermal influence such as fission track data (Green et al., 1989; Duddy et al., 1991; 
Naeser, 1993; Büker, 1996; Zhao et al., 1996; Karg, 1998; Petmecky et al., 1999), Thom values from 
fluid inclusion microthermometry (Leischner et al., 1993b; Zwach, 1995), clay mineralogy (Deng 
et al., 1996), aromatic maturity parameters (Leischner, 1994; Petmecky, 1998; Yahi, 1999) or 
biomarker isomerisation data (Düppenbecker, 1992; Leischner et al., 1993a, 1993b; Leischner, 
1994; Sachsenhofer, 1994). 
If the computed results for a given input dataset fit well with the measured comparison data, the 
resulting model represents a geological scenario that is numerically possible (cf. Fig. 7.1). If the 
simulation does not result in a satisfying match with the measured data, the conceptual model and 
the input data have to be refined for a better fit, assuming that the algorithms describing the 
evolution of the comparison data are correct. Several geological scenarios may be numerically non-
contradictive with one comparison dataset. 
In sensitivity analysis, the influence of changes of different parameters such as basal heat flow, 
variations in hypothetic overburden or different kinetic parameters are compared with the results of 
numerical modelling (Cao & Lerche, 1990; Søren, 1996). This sensitivity analysis is important to 
test alternative models on their numerical consistency and to determine the variability of the 
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determined scenario. The most practicable approach to test the sensitivity of a previously optimised 
model is the change of one parameter per re-simulation (Zwach, 1995; Poelchau et al., 1997). The 
results of sensitivity analyses lead to a deeper understanding of the impact of different input 
datasets on the results of basin modelling and to a more detailed appraisal of confidence ranges for 
that model. 
 
7.1.2 Cautionary comments concerning numerical simulations in the Prague 
Basin 
The Prague Basin is a highly folded, isolated Lower Paleozoic basin with an overall elevated 
maturity stage. For the 2712.4 m deep borehole Tobolka-1 an increase of VRr equiv from 0.89 to 
~2.34% has been determined (cf. section 7.4.1). Therefore several specific characteristics have to 
be considered for the construction of a model and for numerical simulations of the geological 
history. 
Geometric, geologic and
stratigraphic input from the
interpretation of seismic
sections and
boreholes
Definition of geological events
Cross section balancing
Preprocessor
Finite Element Grid
Definition of physical properties for
rocks, fluids and faults
Geochemical and petrological data
Database
Optimisation End
Bad fit with
calibration data
Good fit with
calibration data
contradictive
scenario
non-contradictive
scenario
Conceptual model
Temperature
- conductive heat flow
- convective heat flow
- radioactive heat sources
Pore pressure regime
- compaction processes
- one, two or three-phase fluid flow
- computation of overpressure
Kinetic reactions
- Vitrinite reflection
- Generation of hydrocarbons
- Smectite/illite transformation
Fluid flow
- Expulsion of hydrocarbons
- Migration of hydrocarbons
- Diffusion of hydrocarbons
Forward modelling
Comparison
of results
Fig. 7.1: Schematic flow of 2D basin modelling. 
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In this study, the modelling of VRr was performed using the EASY%Ro kinetic approach of 
Sweeney & Burnham (1990). However, due to the Lower Paleozoic age of the Prague Basin 
sediments, vitrinite sensu strictu occurs only in the youngest strata of Lower and Middle Devonian 
age (Wolf, 1988; Taylor et al., 1998). Reflectance values therefore have been determined mostly on 
other organic particles such as vitrinite-like OM, bitumens, graptolites and chitinozoa. Various 
authors have compared the reflectance of such macerals directly or indirectly with VRr (e.g. 
bitumens: Jacob & Hiltmann, (1985); Jacob (1989), graptolites: Goodarzi & Norford, (1989), Link 
et al. (1990), Hoffknecht (1991), Goodarzi et al. (1992a; 1992b), chitinozoa: Tricker et al. (1992); 
Obermajer et al. (1996)). For the calibration of a numerical simulation, the reflectance values from 
the borehole Tobolka-1 have been carefully evaluated and corrected based on the literature above 
A% 
  ' 
	. In addition, independent maturity and temperature parameters from 
organic geochemistry, fluid inclusion microthermometry and fission track analyses have also been 
used and were compared with results from OM reflectance. 
The feasibility of fluid flow modelling within an old, isolated basin of an advanced catagenetic 
stage was one of the prime objectives of the DFG study “Barrandian Basin”. However, carrier beds 
and reservoirs are lacking within the Prague Basin (cf. section 4.2). Hence the migration of water 
and hydrocarbons was restricted to faults and fracture systems. As no traps are known within the 
Prague Basin, most of the hydrocarbons must have migrated along these faults and were spilled on 
the sediment-water or sediment-surface interface. Therefore, the accumulation of hydrocarbons can 
not be calibrated with the geochemical composition of oil and gas fields, but has been performed 
with geochemical characteristics of residual oils, i.e. bitumens, and petroleum inclusions. 
In 2D modelling, faults are boundary planes between finite element cells. As output results are 
computed only for finite elements, a calibration with geochemical information is limited to the 
testing of computed petroleum flow vector data with the analytical results on the source and mixing 
of petroleums and residual oils. In the numerical simulation, vector data are computed for each 
individual time-step. In the analysed petroleum inclusions the geochemical information of the 
trapped petroleum represents the composition of migrating petroleum at a specific time. In contrast 
to petroleum inclusions, the chemical composition of residual oils represents the cumulative result 
of progressive geochemical changes of precipitated or retained bitumen. This means that a 
geochemical calibration with petroleum inclusions does only require oils of the analysed 
composition being present during the growth of the host crystal, whereas the computed 
geochemical composition of the bitumen has to represent a cumulative result of all individual time 
steps. 
Information on many of the possible events is limited. Therefore a simulation of the thermal history 
accompanied with the generation and migration of hydrocarbons does not aim to answer all 
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questions about the geological history of the Prague Basin. Rather it intends to test possible 
geological scenarios for their numerical consistency and for their sensitivity to the change of 
crucial input parameters. 
 
7.2 Conceptual model of the thermal evolution in the Prague Basin 
Modelling of the thermal evolution in the Prague Basin was calibrated on reflectance data gathered 
from the borehole Tobolka-1. First 1D models were proposed by Fr
 N0'	
FZ Jülich 501297, 1997) and were calibrated on a scattering dataset of reflectance values produced 
by Malán (1980), trending from 0.75 to 1.5% Rr. These data were re-examined and supplemented 
with reflectance values measured on bedding-parallel sections of samples of the same borehole 

  N0  '	 3 EO
  C/5; /;;. The resulting reflectance trend was 
significantly steeper ranging from 1.35 to 3.96% Rr for a depth interval covering 2712.4 m, 
determined on vitrinite-like organic matter, bitumen, graptolites and chitinozoa. No correction of Rr 
values to VRr equiv values has been applied to this extremely steep maturation trend (0.97% Rr per 
1000 m). Based on this dataset, the maturity tre!!	'!:	%	%
This pointed to a pretectonic maturation of OM, where subsequent thrusting had no influence on 
additional maturation. Calibration values of the hanging wall segment have therefore been 
projected 250 m downward to their original depth before thrusting.  
6!	/J	!	!A%
 
	
!			'	
geological scenarios 
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'	3EO
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/;;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
 et al., 1998):  
• “ D e v o n i a n  s c e n a r i o ”  assuming the deposition and erosion of Middle Devonian 
to Lower Carboniferous sedimentary or tectonic units of up to 1500 m in the stratigraphic top 
of the Srbsko Fm. This model was computed using variable heat flows ranging between 70 
and 80 mW/m2. Subsequent burial after the erosion on this additional layers - not 
documented in the stratigraphic record - did not have an influence on the present-day 
maturation pattern, if it is assumed that an Upper Carboniferous and Lower Permian 
sedimentation, coupled with an elevated heat flow with values up to 85 mW/m2 did not 
exceed 1200 m. With these assumptions the temperature in the Permocarboniferous did not 
reach values that had already been reached in the Devonian. 
• “ P e r m o c a r b o n i f e r o u s  s c e n a r i o ”  assuming a deposition and erosion of 
only 200 m Middle to Upper Devonian sediments in the stratigraphic top of the Srbsko Fm. 
and a later deposition of >1400 m of terrestrial Upper Carboniferous and Lower Permian 
sediments. Heat flow values in this model were chosen between 60 and 65 mW/m2 for the 
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Ordovician to Devonian sedimentation cycle and 60 to 85 mW/m2 for the Upper 
Carboniferous and Lower Permian sedimentation cycle. 
These two models have been the starting point for conceptual models that were tested on their 
numerical feasibility. Also a revised maturity trend from 0.89 to ~2.34% VRr equiv that was used to 
calibrate thermal modelling cannot be explained without the deposition of additional sedimentary 
or tectonic units in the stratigraphic top of the youngest preserved Lower Paleozoic unit, the Middle 
Devonian Srbsko Fm. The deposition of Mesozoic and Cenozoic sediments did not lead to burial 
temperatures exceeding the temperatures reached during Paleozoic burial and are therefore not 
recorded in the maturation pattern of OM. 
 
7.3 Regional information the temperature evolution of the Barrandian,  
with special focus on the Prague Basin 
The general tectono-metamorphic evolution of the Barrandian has not been studied systematically 
prior to the project “Barrandian Basin”. Many of the data acquired in this study have not yet been 
published and provide new insights on the burial and uplift history of different parts of the 
Barrandian. These new data will be discussed briefly and their implications for numerical 
simulations will be outlined.  
 
C l a y  m i n e r a l o g y :  
Clay minerals are sensitive to thermal influences and can therefore be used as temperature 
indicators. The clay mineral parameters most frequently used to assess the thermal maturity of 
sedimentary rocks are illite crystallinity (Kübler, 1966; Weber, 1972; Teichmüller et al., 1979; 
Frey, 1988; Kisch, 1990; Robinson et al., 1990; Krumm, 1992), chlorite crystallinity (Árkai, 1991) 
and smectite to illite transformation ratio (Velde & Vasseur, 1992; Vasseur & Velde, 1993; Deng et 
al., 1996). 
In the Barrandian, diagenetic aspects of clay minerals have been treated predominantly by Suchý 
and his co-workers (Suchý & Hyršl, 1990; Suchý, unpub. Ph.D. thesis 1991; Suchý et al., 1992; 
Suchý & Rozkošný, 1994). For the area of the Prague Basin, Suchý & Rozkošný (1994) have 
postulated an increasing maturity trend from the south-western to the north-eastern part of the 
basin, both based on illite crystallinity (values between 2.30 and 0.48° ∆F  '! !?r 
values of 0.93% to 1.38% measured on vitrinite-:0	"	#$ 
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To assess the timing and thermal influence of thrusting within the borehole Tobolka-1 and to obtain 
an additional, independent maturity indicator, a set of 30 samples has been analysed for clay 
mineralogy by Suchý (pers. com.). Preliminary data from six samples yielded illite crystallinity 
values between 0.65 and 0.91° ∆F '!4
	'	!!		
'		
indicating a thermal maturity within the diagenetic realm.  
 
O r g a n i c  p e t r o l o g y :  
Organic petrology is one of the most frequently used methods to establish regional maturation 
patterns. Ivana Sykorova measured reflectance data on outcrop samples of Silurian and Devonian 
strata as well as on Upper Carboniferous (Westphalian) samples from patchy occurrences within 
the Prague Basin. Bitumen for organic petrography was available from all bitumen localities treated 
in this study except locality 13 (Klonk section). Additional data on organic petrology of whole rock 
samples come from a suite of samples measured by Vacláv Suchý (Proterozoic to Middle 
Devonian) and samples from the research borehole Klonk (Herten, 2000). 
Organic petrology of bitumens shows the same maturation trend as earlier measurements on 
%	!  	  "	#$  (Suchý & Rozkošný, 1994). Maturity increases from the 
Southwest to the Northeast. When measurable, reflectance values measured on semi-liquid bitumen 
yield much lower reflectivities than reflectivities measured on black solid bitumen and do not 
exceed 0.2% Rr (cf. section 4.2.3). This involves that the these semi-liquid bitumens or waxes have 
not been thermally stressed, as the waxy geochemical composition and the yellow fluorescence 
colour would have disappeared when exposed to elevated temperatures. The regional trend of these 
measurements is not continuous, as values may be quite different in neighbouring outcrops. This 
scattering can be due to different bitumen generations and to small-scale tectonic and magmatic 
influences. As the profile simulated in this study runs perpendicular to the postulated maturity 
trend, the trend has not been incorporated in the simulated section. 
 
A r o m a t i c  h y d r o c a r b o n s :  
Aromatic hydrocarbons have been evaluated from both bitumen and petroleum inclusion extracts. 
Maturity information from bitumen extracts was limited, as only eight of 26 bitumen extracts 
contained phenanthrenes for the evaluation of aromatic maturity. Rc values from MPR values in 
bitumen extracts range between 0.94 to 1.47%, lowest values can be found in the south-eastern part 
	!	
$	4!
!'?c values from 
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crush-under-solvent extracts of petroleum inclusions, that show an increase of thermal maturity 
towards the north-eastern part of the basin from values <1% to values >1.5% (cf. Fig. 5.18). As for 
bitumen reflectivity, the simulated section runs perpendicular to that maturity trend and has 
therefore not be incorporated into the numerical model. 
 
F i s s i o n  t r a c k  d a t a :  
Fission track data are a powerful tool to constrain the thermal evolution of sedimentary sequences. 
They provide information on the cooling of the sample. This cooling is mostly associated with 
uplift and, therefore, allow the narrowing down of phases of inversion. In addition, it is possible to 
determine paleo-temperature gradients when time-temperature information can be obtained from 
fission track samples of different depth intervals. Theoretical aspects of fission track analysis and 
their application in the reconstruction of thermal histories are summarised in Gleadow et al., 
(1986), Green et al., (1989) and Wagner & Van den Haute (1992).  
Fission track data acquired in the project “Barrandian Basin” are the first data of this type in the 
Barrandian and the Czech Republic. Therefore, they provide key information on the cooling and 
uplift history of this area. To facilitate the understanding of these data, the basic concepts of fission 
track analysis will be briefly outlined. While a variety of crystals with different mineralogies, e.g. 
zircone, epidote or apatite can be used for fission track analysis (Wagner & Van den Haute, 1992), 
in this study apatite fission track analysis (AFTA) has been applied.  
t i m e t ra c k  l e n g th
A
B
C
70 °C
125 °C
total annealing zone (TAZ)
no tracks recorded
partial annealing zone (PAZ)
track length reduction
Fig. 7.2: Schematic graph of the relationship between time-temperature pathway and track length 
distribution. Modified from Naeser et al. (1989). 
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Fission tracks are defects in the lattice of crystals originating from the spontaneous decay of heavy 
nuclei. On terrestrial material, virtually only 238U is responsible for these defects because of the 
extremely long half-life (704 Ma) and low concentration of 235U (0.711%) and other heavy nuclei 
(<0.01%). The initial track length is defined by the amount of energy liberated during nuclear 
decay. For apatite this length is about 16 µm (Wagner, 1968; Wagner & Reimer, 1972). When 
entering the temperature zone of partial annealing (PAZ), the track length is reduced, until in the 
total annealing zone (TAZ) all defects are healed and information about older, inherited track 
length distributions is extinguished (cf. Fig. 7.2). The chemical composition of the mixing crystal 
apatite has an influence on the temperature range of the PAZ; chlorine apatite is more stable than 
fluorine apatite. 
The isotope ratio of 238U and 235U is assumed to be constant for Phanerozoic time ranges. The total 
amount of uranium is determined by artificial fission and detection of 235U using an external 
detector, usually uranium-free mica The fission is induced by the irradiation of the samples with a 
controlled flow of thermal neutrons. Thus the cooling age of a sample can be determined using 
spontaneous and induced track densities and the known half-lifes for 235U and 238U. Ages of several 
grains are assessed in radial plots after Galbraith (1990). In this plot single grain ages can be 
weighed according to their standard deviation (cf. Fig. 7.3). 
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Fig. 7.3: Radial plots of age vs. 1/sd (standard deviation) allow a weighing of single fission track ages 
(Galbraith, 1990). The Zechsteinian cooling age of sample H18 can be assessed as more reliable than the 
Upper Carboniferous cooling age of sample H8. For location of samples, see Appendix Y. 
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11 of 23 samples containing sufficient amount of apatite have been dated by Ulrich A. Glasmacher 
! E  ' (Glasmacher et al., internal report FZ Jülich 502098, 1998). Locations with radial 
plots and track length distribution of these samples, as well as tabulated results from fission track 
analyses, have been provided by Ulrich Glasmacher and are given in Appendix Y. Modelling of 
track length distributions and ages was performed on seven samples containing sufficient confined 
tracks. Confined tracks are tracks that are enclosed entirely in the dated grain and that do not cut 
the mineral surface of the dated grain (Gleadow et al., 1986). For the modelling of time-
temperature pathways, the programme AFTSolve, version 1.1.2 (Donelick Analytical Inc.) was 
used. All samples were tested for their chlorine content with a microprobe. Chlorine values were 
<1wt.%, hence the annealing model of Laslett et al. (1987) for a Durango composition of apatite 
was chosen. 
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Fig. 7.4: Time-temperature pathway of fission track samples, based on modelling results and geological 
constraints. 
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AFTA data showed that the Barrandian area has a complex uplift and cooling history. This is 
expressed in different cooling ages for samples of similar stratigraphic units from different parts of 
the Barrandian area. Zechsteinian pooled ages have been determined on an Ordovician sample from 
the northwestern part of the Prague Basin (H9; 262±8 Mabp) and on a sample from a tuffitic layer 
in Westphalian strata of the Permocarboni	"> 6=//2F5PB0'
part of the Barrandian area. These pooled ages represent a cooling below 100°C, assuming a 
cooling gradient of 10°C/Ma (Wagner & Van den Haute, 1992). However, modelling of track 
length distributions in sample H11 indicates that sample was heated to a temperature of about 87°C 
after the deposition of the volcanic ash layer. Samples from the central part of the Prague Basin 
yield cooling ages significantly older than the samples mentioned above (cf. Fig. 7.5 and 7.6). 
Cooling ages of samples in the hanging wall o  :	% 	% =    &/;P/;
Mabp; H21, Srbsko Fm., 313±11 Mabp) indicate a Late Carboniferous cooling. A subsequent 
Upper Carboniferous to Lower Permian burial scenario is therefore ruled out for the centre of the 
Prague Basin, whereas this scenario is probable for the northwestern part of the Barrandian. 
Based on fission track data, the central part of the Prague Basin is compartmentalised in two areas 
with a different tectono-thermal evolution. These two compartments are delineated by t:	%
overthrust, an axis-parallel structure with a south-east directed thrust (cf. Fig. 7.5 and Fig. 7.6). The 
cooling history of these two compartments can be summarised as follows: 
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Fig. 7.5: AFTA data in a profile running perpendicular to the basin axis. The profile is based on two 
seismic lines 1/77 and 1/74 interpreted by Novotná (1980).  
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• C o m p a r t m e n t  I 	:	%	%!! Westphalian 
'		!	'	+= &/;P/;0'!J%	=F/
Srbsko Fm., 313±13 Mabp) strata. 
• C o m p a r t m e n t  I I  			:	%	%!	
	
Permian cooling from pooled ages. This Permian cooling age has been determind on sample 
H18 (258±12 Mabp), a sample from Kosov Fm. with a similar stratigraphic position as 
'=  &/;P/;0'!=FC FB&P0' ' 	 0!!
Devonian Srbsko Fm. 
This distribution of cool  !
  	% 	  :	% 	% '	 	
Westphalian age, as samples of compartment I show cooling ages dating into the Late 
Carboniferous. This is in agreement with previously published estimations on the date of thrusting, 
e.g. -'$/;;& and =%Q/;;. However, the footwall compartment II remained buried 
in temperature zones >90°C until the Upper Permian. Modelling of fission track length confirm this 
uplift scenario as derived from pooled ages. Different cooling ages of samples east and west of the 
Tobolka normal fault indicate an inversion of the Tobolka fault movement post-dating the 
Zechsteinian uplift (cf. Fig. 7.6). 
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Fig. 7.6: Compartments of the Prague Basin, based on apatite fission track data. The hanging wall of 
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Zechsteinian (II).  
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Modelling of fission tracks indicates a young heating event in the early Tertiary or Uppermost 
Cretaceous. This heating event seems to express Cretaceous sedimentation and burial of underlying 
Paleozoic strata. However, modelling results must be handled with caution, as creeping healing 
processes are not taken into account in the AFTA healing kinetics applied in the used modelling 
software. This may cause spurious evidence of young heating events (pers. com. Ulrich A. 
Glasmacher). In addition, a deposition of >70 m Cretaceous sediments seems unrealistic from 
regional geological data (Zelenka, 1981). 
Fission track data indicate an Upper Carboniferous uplift of the hanging wall compartment of the 
:	%	% !   '	 	  
		  	   
	' 
prior to Westphalian age. AFTA data give no evidence for extensive Upper Carboniferous to 
Lower Permian burial in the central part of the Prague Basin, whereas this Permocarboniferous 
burial is indicated from marginal parts of the Barrandian area. However, as modelling was 
restricted to the central part of the Prague Basin, a previously offered “Permian” model 
 N
0  '	 3 EO
  C/5; /;;2 
  et al., 1998) was not followed up in 
subsequent 2D modelling. 
R é s u m é :  
Regional maturity trends based on clay mineralogy and organic petrology of graptolites, bitumens 
as well as aromatic hydrocarbons from petroleum inclusions point to an increased thermal maturity 
for the north-western part of the Prague Basin. Small scale tectonic and magmatic influences result 
in quite different maturity information for neighbouring outcrops and different vein mineralisation 
generations. This small-scale compartmentalisation of the Prague Basin is backed up by data from 
the analysis of apatite fission tracks, showing also significant differences in their cooling history in 
neighbouring locations. The uplift of
	'	:	%	%
	!
be dated as pre-Westphalian, whereas the footwall compartment of the thrust stayed deeply buried 
until the Zechsteinian. A Permocarboniferous model, outlined as a possible scenario in the 
beginning of the study, contrasts with fission track data and was therefore not followed up in 
subsequent 2D basin modelling. 
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7.4 Modelling of the thermal evolution and petroleum generation and 
migration in the Prague Basin 
Based on the input data presented in section 7.3, the thermal evolution of the Prague Basin was 
modelled along a NW-SE trending section crossing perpendicular to the basin axis. In the centre of 
the section the profile was calibrated with data obtained from the Tobolka-1 borehole. As 
calibration data from the marginal parts of the sections are scarce and modelling time rises 
significantly when computing the whole section, the implementation of geochemical and geological 
constraints and the determination of sensitivity of crucial input parameters has been performed only 
on the central part of the section including the borehole Tobolka-1. In the following Chapter the 
construction and calibration of a 2D numerical model will be presented and discussed. 
 
7.4.1 Construction and calibration of a 2D numerical model 
S t r u c t u r a l  r e c o n s t r u c t i o n :  
The modelled section is based on two seismic sections acquired in January 1974 and 1977 and 
interpreted by Novotná (1980)4	':	%!G46	!
	!
in the borehole Tobolka-1 (cf. Fig. 7.5). In addition, normal faults projected from geological maps 
Fig. 7.7: Modified NW-SE running section perpendicular to the axis of the Prague Basin, as digitised into 
the SeisStrat module. This section was used to generate input files for a numerical simulation. 
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have been included in the construction of the geometric model. The resulting section, constructed 
A%
 '	%!!
 N0rnal report FZ Jülich 501698, 1998). 
Overlapping segments assigned with the same age (e.g. thrusts, reverse faults) can not be modelled 
with the PetroMod®	4	:	%!G46	!'%'!
as an en-echelon set of normal faults in the SeisStrat preprocessor module of PetroMod®. Although 
the tectonic regime of this modified section is opposite from the geological situation, i.e. 
compressional structures have been replaced by extensional structures, the geometrical 
characteristics of the section are well described using this trick. This is also true for the thermal 
maturity if a post-tectonic maximum burial of the faulted strata is assumed. The reinterpreted 
section digitised into the SeisStrat preprocessor module can be seen in Fig. 7.7. Input files from the 
numerical simulation of the section were generated from the SeisStrat file, variations in thickness 
and petrophysical properties of the respective layers were adjusted in the input module. 
 
E v e n t  s t r a t i g r a p h y :  
The geological evolution of the Prague Basin has been subdivided into 38 individual events, i.e. 
individual time slices (Tab. 7.1). Event 1 and 2 are defined as hiatus and “basement” of the 
geological model. Event 3 to 14 represent the Paleozoic sedimentation cycle from the Middle 
Ordovician (Llandeilian) to the Middle Devonian (Givetian). In addition to these formations, two  
additional events 15 (HSrbskoA) and 16 (HSrbskoB) were defined for the modelling of burial 
scenarios in the Upper Devonian and Lowermost Carboniferous (Tournaisian). In event 17 to 28, 
these “hypothetical” layers and layers that are still preserved in the basin are eroded. The synclinal 
geometry of the basin is modelled by an erosion that is restricted to the marginal parts of the 
section. The deposition and erosion of Upper Carboniferous and Lower Permian strata is modelled 
in events 29-34. Events 35-36 and 37-38 represent the deposition and erosion of Cenomanian and 
Miocenian strata. 
Especially the input parameters during the time of maximum burial have an influence on the 
computed maturity values. This is also true for the generation and migration of hydrocarbons, as 
during that burial the Silurian source rock units entered the oil generating window. Therefore, the 
model is highly sensitive to input parameters of event 15 and 16. 
Ages of individual strata were assigned based on the geological time table of Harland et al. (1990). 
Other time tables, e.g. Palmer (1983) and Haq & van Eysinga (1987), show deviations from these  
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Tab. 7.1: Event stratigraphy for numerical modelling of the Prague Basin. Absolute times have been 
adopted from Harland et al. (1990), lithologies are variable especially during the time of maximum burial. 
Petrophysical properties of the lithologies used in the model are given in Appendix Z, lithologies are valid 
for the “most probable scenario” as outlined in section 7.4.2. Ages between 342 and 310 Ma are 
interpolated values to achieve a linear uplift. 
 
event 
number 
event name time at base 
(Mabp) 
time at top 
(Mabp) 
lithology 
(exemplary) 
source 
unit 
 
38 Er-H-Miocene_38 5 0 SANDSTONE /  
37 HMiocene_37 23 5 SANDSTONE /  
36 Er-HCenoman_36 69 23 SANDcalc. /  
35 HCenoman_35 97 69 SANDcalc. /  
34 Er-HWestphal34 230 97 SHALEcoal /  
33 Er-HStephan_33 240 230 SAND&SHALE /  
32 Er-HAutun_32 258 240 SHALE /  
31 HAutun_31 286 258 SHALE /  
30 HStephan_30 296 286 SAND&SHALE /  
29 HWestphal_29 310 296 SHALEcoal /  
28 Er-Vinice_28 ~320 310 SILTSTONE /  
27 Er-Zahorany_27 ~329 ~320 SILTshaly /  
26 Er-Bodalec_26 ~330 ~329 SILTsandy /  
25 Er-KraluvDvur_25 ~332 ~330 SHALEsand /  
24 Er-Kosov_24 ~337 ~332 SHALEsilt /  
23 Er-Liten_23 ~338 ~337 SHALEcalc /  
22 Er-Kopanina_22 ~338 ~338 SHALEtuff / 
21 Er-Pozary_21 ~339 ~338 LIMEshaly / 
20 Er-LochkovChot_20 ~341 ~339 LIMESTONE / 
19 Er-Srbsko_19 342 ~341 SAND&SILT / 
18 Er-HSrbskoA_18 345 342 SAND&SILT 
17 Er-HSrbskoB_17 360 345 SILTshaly 
16 HSrbskoB_16 369 360 SILTshaly 
15 HSrbskoA_15 378 369 SAND&SILT 
/ 
/ 
/ 
/ 
14 Srbsko_14 382 378 SAND&SILT / 
13 LochkovChot_13 409 382 LIMESTONE / 
m
ax
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12 Pozary_12 410 409 LIMEshaly I 
11 Kopanina_11 426 410 SHALEtuff H 
10 Liten_10 439 426 SHALEcalc G 
9 Kosov_9 440 439 SHALEsilt F 
8 KraluvDvur_8 441 440 SHALEsand E 
7 Bodalec_7 450 441 SILTsandy D 
6 Zahorany_6 454 450 SILTshaly C 
5 Vinice_5 458 454 SILTSTONE B 
4 Letna_4 463 458 SILTSTONE A 
co
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3 LibenTren_3 510 463 SANDsilty /  
2 Basement_2 600 510 SANDSTONE /  
1 hiatus_1 700 600 none /  
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ages. Minor differences in the absolute and relative burial time result in faint differences in the 
computation of output values. However, these differences have been shown to be negligible for 
modelling in the Prague Basin, as they are within the spread of calibration data. A more recent time 
scale published by Palmer & Geissmann (1999) was not available during the construction of the 
model and has therefore not been considered for age assignment. 
 
T h e r m a l  c a l i b r a t i o n :  
The calibration of the thermal history of the section is based on values from the Tobolka-1 borehole 
and on maturity values from outcrop samples projected into the borehole. For the evaluation of the 
modelled trend, an integrated approach weighing the reliability of different parameters was used. A 
depth trend of maturity values based on different maturity indicators is given in Fig. 7.8. 
Maturity information from the geochemical analysis of rock extracts (SOM) differs from maturity 
information gathered from indigenous OM, i.e. maturity values from organic petrography and from 
Rock Eval analysis. For values from aromatic hydrocarbons, this is especially true for the 
Ordovician section of Tobolka-1, where maturity values decrease with increasing depth (cf. section 
3.4.3). The isomerisation ratio of 20S/(20S+R) of regular C29 steranes is still below 0.54, the 
theoretical endpoint of the isomerisation reaction. Although a direct transformation of maturity-
sensitive biomarker ratios into VRr is not possible due to different kinetic characteristics of vitrinite 
maturation and sterane isomerisation, biomarker data suggest a maturity level <0.8% VRr 
(Mackenzie, 1984) without a characteristic trend for the whole section (cf. Fig. 7.8). This contrasts 
with a maturity trend of 0.89% (Zlíchov Fm.) to 2.34% (Letná Fm.) VRr equiv from organic 
petrology. The lack of clear trends and the generally lower maturity values derived from SOM 
point to a redistribution and impregnation of rocks with migrated OM. This is supported by isotope 
data that do not show a significant correlation between values obtained on kerogen and on SOM of 
the same samples (cf. section 3.4.3, 3.4.4, 3.4.5 and 3.5). Hence maturity information from rock 
extracts cannot be used to calibrate a numerical simulation in the Prague Basin.  
Reflectance values from Silurian and Ordovician strata, measured on fragments of chitinozoa, 
graptolites, vitrinite-like OM and bitumen, have to be transformed into vitrinite reflection for a 
comparison with reflectance values computed with the EASY%Ro approach (Sweeney & 
Burnham, 1990). For an optimal evaluation of reflectance data only particles with a definite origin 
were considered in maturity determination. Other measurements have been documented separately 
in the reflectance histograms and give additional information on petrological characteristics of the 
investigated samples. Reflectance values influenced by volcanic dikes have not been used as 
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calibration data in basin modelling, as these values are not representative for a general maturation 
trend within the Prague Basin.  
Organic petrology and interpretation of reflectance values from borehole Tobolka-1 was carried out 
A%
 A%
 '
	G!	
	>	?chit were transformed into 
VRr equiv using the relationship VRr=(Rchit-0.08)/1.152. This relationship has been established by 
Tricker et al. (1992) and is discussed in Obermajer et al. (1996). Reflectance values from Silurian 
and Lower Devonian samples are derived from Rr measurements on graptolite fragments. Most 
published transformations from graptolite into vitrinite reflectance are based on Rmax values, e.g. 
Link et al. (1990), Hoffknecht (1991) and Goodarzi et al. (1992a). However, Gentzis et al. (1996) 
have published a chart - modified from Cole (1994) - allowing a direct transformation of random 
graptolite reflectance into VRr. This chart was used to transform random graptolite reflectance of 
Silurian samples from the Prague Basin into VRr equiv for the thermal calibration of basin modelling. 
Calculated
reflectance
based on evaluation of
various  aromatic
hydrocarbons
Sterane
isomerisation
C29 20S/(20S+20R)
Organic matter
reflectance
measured on vitrinite-like
organic matter, graptolites
and chitinozoans
C29 S/(S+R)
-500
0
500
1000
1500
2000
2500
3000
Rc (%)
1.0 1.5 0.4 0.5
VRr equiv (%)
Rock Eval
"S2-1"-Tmax
indigenous bitumen not
liberated in S1
440 480
Tmax (°C)
Rock Eval
"S2-2"-Tmax
S2
 
sensu strictu
Tmax (°C)
440 480
weak S2-2
K e r o g e n S o l u b l e  o r g a n i c  m a t t e r
T e c t o n i c a l l y  d o u b l e d  s e c t i o n
1 2 3
different
type of OM
influenced by
mafic dikes
open symbols:
projected outcrop
samples
b o r e h o l e  T o b o l k a - 1
Fig. 7.8: Trends of different maturity parameters in the borehole Tobolka-1. Whereas maturity values 
determined on insoluble organic matter (i.e. kerogen) increase with depth, no systematic increase does 
occur in maturity values determined on soluble organic matter. 
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P r e s s u r e  c o n d i t i o n s :  
Field observations give evidence of lithostatic overpressure conditions in the geological evolution 
of the Prague Basin. Especially the formation of beef calcite, i.e. bedding-parallel veins cemented 
with radial-radiaxial cements have been associated with overpressure conditions due to rapid 
subsidence and/or the generation of hydrocarbons (Stoneley, 1983). However, no concrete values 
or ratios of excess hydrostatic pressure vs. lithostatic pressure for the formation of beef calcite were 
found in the literature. Therefore overpressure exceeding the hydrostatic pressure by 3 MPa (~30 
bar) at a depth of 3 km was assumed as minimum values for the occurrence of overpressure-
indicating beef calcites. 
Pressure conditions can only be determined from aqueous fluid inclusions when the trapping 
temperature and salinity of the trapped fluids are known. Conversely the trapping temperature can 
only be determined from Thom values when the trapping pressure is known. Thus the trapping 
phases of fluid inclusions must be very clear in order to determine pressure conditions during times 
of trapping. For many inclusions a trapping in various diagenetic and hydrothermal phases is 
possible. Therefore, a conclusion from Thom values on pressure conditions is not possible for the 
analysed samples. 
 
H y d r o c a r b o n  p o t e n t i a l :  
Basic input parameters for the calculation of hydrocarbon potential are initial TOC content, HI 
values and kinetic properties of individual source rocks. As the majority of screened samples are of 
an advanced catagenetic maturity stage, measured TOC contents and HI values have to be 
extrapolated to original values. Though a deposition of coaly sediments is probable in the Upper 
Carboniferous and Lower Permian, TOC values were set to zero for these layers to facilitate the 
tracking of Lower Paleozoic hydrocarbons. 
The richest source rocks can be found in the Silurian, with TOC values up to 2.62% (cf. section 
3.1). For all Silurian formations TOC values >2% were determined. For the Devonian, source rock 
potential is limited to the Lowermost Lochkov Fm. and the Middle Devonian Srbsko Fm.  
Although Ordovician strata consist of coarser grained siliciclastics where sandstone-siltstone 
alternations prevail, with the exception of the Kosov Fm. (0.20% mean TOC) shaly interbeds of all 
formations from Letná to Kosov yielded TOC values >0.48% (mean). 
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TOC values have been extrapolated to initial values based on a TOC/maturity relationship observed 
on Lower Toarcian Posidonia Shales (Rullkötter et al., 1988; Mann et al., 1990, cf. section 3.1). In 
addition, a correction for sandy and calcareous layers lean in TOC content was applied for the 
individual source units. This correction resulted in the formation average values for initial TOC 
values that are provided in Tab. 7.2. 
Kerogen typing using Rock Eval analyses indicates a type III kerogen with affinities to type II for 
all of the screened source rock intervals. An extrapolation of Rock Eval data to immature source 
rock analogues leads to maximum initial HI values of 500 mg HC/g TOC. As minimum initial HI 
values, 300 mg HC/g TOC have been determined. In addition, open system pyrolysis proved the 
+"	#$!  	'	
 	
 	
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=,
values of these formations were extrapolated to 450 mg HC/g TOC, while the middle Silurian 
Kopanina Fm. was assigned with a lower HI value of 300 mg HC/g TOC. The correlation of 
bitumen and source rock extracts point to a more pronounced contribution of Letná and Vinice Fm. 
than other source rock units of Ordovician strata. Thus HI values of 400 mg HC/g TOC have been 
selected for these formations, whereas=,%	3	 6	!
G46 %J% !G46		%
Fm. were set as 300 mg HC/g TOC. 
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Fm.). Thus the migration of hydrocarbons from different sources can be displayed separately. This 
is important to track oils generated from different source rocks according to the multiple source 
rock concept (Mann et al., 1997).  
Tab. 7.2: Richness, quality and kinetic properties of source rock units in the Prague Basin for the 
modelling of petroleum generation and migration. 
Source unit Formation initial TOC 
 (%) 
initial HI  
(mg HC/g TOC) 
Kinetic properties 
(Burnham, 1989) 
I, Event 12 "	#$ 1.8 450 Type II 
H, Event 11 Kopanina 1.5 300 Type III 
G, Event 10   3.0 450 Type II 
F, Event 9 Kosov 0.2 300 Type III 
E, Event 8 G46 %J%  0.5 300 Type III 
D, Event 7 Bohdalec 0.3 300 Type III 
C, Event 6 3	  0.3 300 Type III 
B, Event 5 Vinice 0.5 400 Type II 
A, Event 4 Letná 0.5 400 Type II 
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PetroMod® computes the transformation of kerogen into oil and gas based on the kinetic approach 
of a first order reaction according to the Arrhenius law. Thus the reaction rate ki of a each kerogen 
or oil i into oil and gas is described in the exponential dependency 
TR
E
ii
i
eAk ⋅
−
⋅=  
with k = reaction rate, A = frequency factor, E = activation energy, and R = Boltzmann gas 
constant (8.314 Ws/mol/K). Source rock units were assigned with one of two different kinetic 
datasets established by Burnham (Livermore National Laboratory Report UCID- 21665, 1989) and 
available as defaults in the programme PetroMod®, both considering also secondary cracking of oil 
into gas: 
• Type II kerogen kinetics published by Burnham (1989), utilising a total potential of 350 and 
65 mg HC/g TOC for the primary generation of oil and gas, respectively. This kinetic was 
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potential based on pyrolytic measurements (cf. section 3.2) and being correlated with 
bitumens and petroleum inclusions of type B and C (cf. section 6.7). 
• Type III kerogen kinetics published by Burnham (1989), utilising a total potential of 50 and 
110 mg HC/g for the primary generation of oil and gas, respectively. This kinetic was chosen 
for the source units 3	 6	!
G46 %J% G46		% !G46	'  %
only limited oil potential based on pyrolytic measurements (cf. section 3.2). In addition, 
there is no direct geochemical evidence for a contribution of these source rock units on the 
generation of bitumens and petroleum inclusion (cf. section 6.9). 
 
M i g r a t i o n  o f  h y d r o c a r b o n s :  
The migration of hydrocarbons in the Prague Basin is restricted to faults and fracture zones, as 
carrier rocks are lacking within the basin. Moreover, the saturation of hydrocarbons must exceed a 
certain threshold value before primary migration takes place. This fact explains why all bitumens 
and petroleum-bearing fluid inclusions are found in fractures or in the source rock itself. The 
Scyphocrinites horizon, a crinoidal packstone rich in orthoceres that occurs in the Uppermost part 
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strictu (cf. section 4.2). 
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most prospective source rocks (cf. section 3.1 and 3.2). However, a correlation of bitumen and 
petroleum inclusions also point to a significant contribution of the Upper to Middle Ordovician 
Vinice and Letná Fm. (cf. section 6.9). Within a single fracture system, different generations of 
bitumens and petroleum inclusions occur. A younger, waxy generation of bitumens with low 
reflectivities (group D) is interpreted as a precipitate from ascending petroleum fluids (cf. section 
6.1). From their geochemical and petrological properties, i.e. long-chain n-alkanes, optical isotropy 
and low reflectance values, it appears that these precipitates have not been thermally altered. At the 
advanced maturity stage of the basin, this means that they have precipitated after the maximum 
burial of their host rocks. Thus the occurrence of waxy bitumens is associated with a Mesozoic or 
Cenozoic migration phase. 
 
M o d e l l i n g  o f  f a u l t  p r o p e r t i e s :  
Faults and fracture systems can serve as either carriers or barriers for petroleum migration (Mann et 
al., 1997). In PetroMod®, each fault can be assigned with specific permeability properties for three 
distinct phases in the basin evolution. The permeability can be influenced with a log factor from 0 
to –10 for fluid transport perpendicular to the fault. This log factor influences the permeability 
multiplying the base values of permeabilities of finite elements adjacent to the fault, e.g. 10-2 md, 
by a factor of 10-10 for a log factor of –10. This would result in a value of 10-12 md. A value of 0 
would not have an influence on fluid flow, the fluid flow would be dependant on the permeability 
of lithologies on both sides of the fault only. Parallel to the fault the permeability of the fault can be 
increased from 0 (10-2 md) to 10 (108 md). With a permeability of 10 faults can be considered as 
“open” and fluids will migrate easily along these faults. 
There are no carrier beds sensu stictu within the Prague Basin and most of the bitumens and 
petroleum inclusions come from fracture systems. The implication is that faults are of crucial 
importance for the numerical simulation. In the model presented below, three stages of fault 
properties have been differentiated for 16 individual faults. 
Although no exact information on the permeability properties of the sixteen faults is known, it is 
not probable that the faults have been open from the time of maximum burial until present-day. The 
following, more detailed model has been worked out based on a combination of regional geological 
data and general tectonic considerations: 
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• During times of folding the basin is in a compressional tectonic regime. Hence log factors of 
-10 and 0 were selected for the permeability perpendicular and along the faults during the 
events coinciding with the Variscan orogeny (382-310 Mabp, Eifelian to Westphalian). 
• Upper Carboniferous and Lower Permian sedimentation took place in continental graben 
systems at a stage post-dating the Variscan orogeny on a marginal position of the Upper 
-		 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 4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extensional tectonic regime “open” faults with permeability factors of –10 perpendicular to 
the faults and 10 along the faults were assigned for this period covering the time range 310-
258 Mabp (Westphalian – Kungurian). 
• For the time segment of the events extending from 258-23 Mabp only limited information on 
the tectonic regime is known. Thus faults have been “deactivated” for this period. Though 
this corresponds to log factors of 0 in direction perpendicular and along the faults, the 
difference is that the faults are not visible in the output module for the respective time 
period. 
• The present-day geomorphologic situation is closely connected with Tertiary block tectonics 
=%Q/;;. This block tectonic faulting is related with extensional and compressional 
structures. However, within a section of a given direction an alternation of compressional 
and extensional is not meaningful. Therefore extensional properties with permeability factors 
of –10 perpendicular to the faults and 10 along the faults were assigned for this period 
covering the time 25-0 Mabp (Miocene – present day). 
In sensitivity analyses, different input parameters of fault properties influence significantly the 
formation of reservoirs and the migration of hydrocarbons. Faults that do not have decreased 
permeability values in perpendicular direction do not act as seals and therefore do not support the 
accumulation of hydrocarbons. In geological time scales, petroleum reservoired in traps that are 
confined by fault seals show dismigration of oil and gas when faults are deactivated. In addition, it 
is not probable that all sixteen faults simulated in the section have the same opening and closure 
history. However, the model described above is non-contradictive with the tectonic evolution of the 
basin and has applied in successive basin modelling. 
 
M o d e l l i n g  o f  c e m e n t a t i o n :  
The porosity and permeability of rock units is influenced by the pore size distribution, the 
interconnectivity between these pores and the distribution of pore throat radii. This pore 
distribution is not only influenced by compaction and cementation connected with pressure and 
temperature, but can also change rapidly due to distinct cementation and dissolution phases in the 
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diagenetic evolution of the sedimentary units (McIlreath & Morrow, 1990, p. 3). Burial diagenesis 
reduces the porosity and permeability of most sediments. However, as has been shown in a 
multitude of basins, an increase of porosity is quite common in both carbonates, connected with 
xenotopic dolomite formation (e.g. Gregg & Sibley, 1984) or carbonate cement dissolution (e.g. 
Prezbindowski, 1885), or the dissolution of feldspar in siliciclastic sediments (e.g. Munz et al., 
1999). PetroMod® allows the user to trigger “cementation” at a certain threshold value. This trigger 
value can be set as age, depth, temperature or a combination of these parameters. At the time 
during which modelling first reaches one of these trigger values, the porosity is reduced to a target 
value and the petrophysical parameters such as thermal conductivity, permeability and internal pore 
pressure are adjusted to the new porosity. The modelling of porosity increase is not possible with 
the PetroMod® software. 
Thin section microscopy on samples from the Lochkov Fm. showed a maximum of porosity of 
about 5%. The estimation of pore space was facilitated by sample impregnation with blue epoxy 
resin prior to the mounting of samples for the preparation of thin sections. Modelling without the 
cementation module resulted in an unrealistic present-day porosity of 10-12%. Therefore, a 
cementation phase was incorporated into the model, reducing the porosity of rock units of event 
LochkovChot_13 to a target value of 5% at a trigger value of 100°C. 
 
7.4.2 Calibration and sensitivity tests of the 2D model on the borehole  
Tobolka-1 
The sensitivity of different input parameters for different geological scenarios has been tested in 
simulations computed for the central part of the section including the borehole Tobolka-1. AFTA 
data preclude a maximum burial in the Lower Permian for the central part of the Prague Basin that 
has been suggested as a possible scenario in a earlier phase of the project (cf. section 7.2.1). 
Modelling of AFTA data points to a maximum burial in the Lower Carboniferous. This burial was 
modelled with the deposition of two layers post-dating the Srbsko Fm. prior to the folding of the 
basin that will be addressed as “hypothetical Srbsko Fm.” HSrbskoA and HSrbskoB in the further 
reading. However, a tectonic overburden due to nappes thrusted over the Prague Basin from the 
south-east could also be responsible for this burial event =%Q /;;;2 0
 N =!
1999a; 1999b). 
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For the model with a maturation pattern resulting from Lower Carboniferous burial, a most 
probable, a minimum and a maximum scenario have been determined. The computed VRr 
(EASY%Ro) of these scenarios in comparison with measured reflectance data transformed into 
VRr is given in Fig. 7.9. The basic input parameters for the maximum, the minimum and the most 
probable burial scenario are given in Tab. 7.3 and can be summarised as follows: 
• “M a x i m u m  s c e n a r i o ”  was computed with a sedimentation of 2800 m compacted 
hypothetical Srbsko Fm., coupled with a heat flow of 74 mW/m2 during times of maximum 
burial. The lithology of this hypothetical Srbsko Fm. was set as a silty sandstone (HSrbskoA, 
378-369 Mabp) and a sandstone-siltstone alternation (HSrbskoB 369-360 Mabp), sediments 
typical for a distal turbiditic flysch deposition. This corresponds to sedimentation rates of 
243 and 232 m/Ma for uncompacted HSrbskoA and HSrbskoB, respectively. These values 
are typical for siliciclastic sedimentation of upper fans on continental slopes (Einsele, 1992). 
• “ M i n i m u m  s c e n a r i o ” ,  computed with a sedimentation of 1500 m hypothetical 
Srbsko Fm. and a constant heat flow of 69 mW/m2 during times of maximum burial. The 
lithology of this hypothetical Srbsko Fm. was set as silty shales (HSrbskoA) and siltstones, 
(HSrbskoB), sediments typical for a lower fan sedimentation. This corresponds with 
resulting sedimentation rates of 123 and 186 m/Ma for HSrbkoA and HSrbskoB, 
respectively. These sedimentation rates are typical for lower fans of continental slopes 
(Einsele, 1992). 
• “ M o s t  p r o b a b l e  s c e n a r i o ” , computed with a sedimentation of 2200 m 
compacted hypothetical Srbsko coupled with a heat flow of 71 mW/m2. The lithology of this 
model was chosen intermediate between the two extreme models, i.e. sand and silt 
alternations (HSrbskoA) and shaly siltstones (HSrbskoB). The depositional environment 
Tab. 7.3 Input parameters and resulting sedimentation rates for the maximum, the minimum and the most 
probable scenario during times of maximum burial. 
 
Scenario Event Lithology heat flow 
(mW/m2) 
compacted 
thickness 
uncompacted 
sedimentation 
rate 
„Maximum“ Srbsko_14 
HSrbskoA_15 
HSrbskoB_16 
sand&silt 
silty sandstone 
sand&silt 
68 
74 
74 
301 m 
1400 m 
1400 m 
119 m/Ma 
243 m/Ma 
232 m/Ma 
„Minimum“ Srbsko_14 
HSrbskoA_15 
HSrbskoB_16 
sand&silt 
silty shale 
siltstone 
68 
69 
69 
301 m 
750 m 
750 m 
119 m/Ma 
123 m/Ma 
186 m/Ma 
„Most 
probable“ 
Srbsko_14 
HSrbskoA_15 
HSrbskoB_16 
sand&silt 
sand&silt 
shaly siltstone 
68 
71 
71 
301 m 
1100 m 
1100 m 
119 m/Ma 
249 m/Ma 
181m/Ma 
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with a sedimentation rate of 249 and 181 m/Ma for events HSrbskoA and HSrbskoB is 
situated in an intermediate position of the extreme scenarios. The burial history at the 
calibration borehole Tobolka-1 is shown in Fig. 7.10 for this scenario. 
 
All models were computed with the deposition of 110 m Upper Carboniferous to Lower Permian 
sediments, coupled with a slightly increased heat flow of 70 mW/m2. This elevated heat flow value 
has been selected because the area of the Prague Basin is situated on a marginal position of Upper 
Carboniferous and Lower Permian basins, e.g. the P> ! G46!	4
are associated with a taphrogenic phase leading to the deposition of terrestrial sediments in 
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period is negligible and is in accordance with fission track data that do not indicate thermal event in 
the Lower Permian.  
LEGEND:
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Silurian
Ordovician
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Burial scenario
most probable
maximum
LochkovChot_13
Pozary_12
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Kosov_9
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Fig. 7.9: Computed vitrinite reflectance (EASY%Ro) of a minimum, a maximum and a most probable 
burial scenario, calibrated on reflectance data of the borehole Tobolka-1. Reflectance values are 
transformed into vitrinite reflectance, for explanation see text and Tab. 7.3. 
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R é s u m é :  
A 2D numerical model along a 10.7 km long section perpendicular to the basin axis and crossing 
the borehole Tobolka-1 has been constructed. The modelled section is based on two seismic lines 
!			%				
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fault, have been reinterpreted a set of en-echelon faults making allowance to limitations in the 
software package PetroMod® 4.2. The geological evolution of the Prague Basin was subdivided 
Fig. 7.10: Burial history and temperature evolution as computed for the most probable scenario. Paleo 
water depth is not included, burial history has been determined at the centre of the basin, borehole  
Tobolka-1. 
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into 38 events. The “folding” of the basin was modelled by a selective erosion of the marginal parts 
of the syncline. To calibrate the thermal evolution during a maximum burial in the Lowermost 
Carboniferous, reflectance values from various types of OM were transferred into VRr equiv values. 
VRr equiv values from Devonian strata have been determined on vitrinite-like OM, and Silurian 
values are based on graptolite periderm, whereas Ordovician values are derived from chitinozoa. 
Maturity information from source rock extracts differs from maturity values determined on 
kerogen. This can be attributed to an impregnation of source rocks with migrated OM. Therefore, 
maturity information from source rock extracts cannot be used to calibrate numerical simulations in 
the Prague Basin. 
The occurrence of beef calcite indicates lithostatic overpressure in the geological history of the 
Prague Basin. This phenomenon has been used to calibrate the pressure evolution of the modelled 
section. Nine source rock units have been defined, and initial TOC and HI values have been 
extrapolated from geochemical investigations on these source rock units. Kinetic properties could 
not be determined due to the advanced maturity level of the investigated source rock samples. 
Therefore, default kinetic properties for type II and type III source rocks (Burnham, 1989) have 
been used. Petroleum migration in the Prague Basin is concentrated on faults and fracture systems 
and occurred in different phases. The porosity and permeability evolution of sedimentary units and 
faults has been influenced using the fault property and cementation module PetroMod®. The 
precipitation of waxy bitumens with low reflectivity values (bitumen and petroleum inclusion 
group D) must have occurred after the maximum burial of its host rocks. 
The thermal calibration of 2D modelling has been performed on the borehole Tobolka-1. The 
maximum burial in the Lowermost Carboniferous was modelled by the deposition and erosion of 
two events HSrbskoA and HSrbskoB. Minimum, maximum and most probable scenarios have been 
worked out and tested on their sensitivity on different input parameters. The most probable model 
calculated with 2200 m Devonian and Lower Carboniferous sediments in the top of the Srbsko Fm. 
at a slightly increased heat flow of 71 mW/m2. A Permocarboniferous and Cretaceous 
sedimentation deposited on the folded and uplifted Prague Basin did not lead to a second 
generation of hydrocarbons and does not have an influence on the present-day maturity pattern of 
the Prague Basin. 
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7.5 Evolution of the Prague Basin through geological time – Modelling results 
of a “most probable scenario” 
Hypotheses for the generation and migration of hydrocarbons were tested on a 10.7 km long 2D 
section. Modifications of the structural characteristics of the modelled section have been outlined in 
section 7.4.1. The geometry of the section, as simplified in the SeisStrat preprocessor module, is 
given in Fig. 7.7. Input data of the “most probable scenario” with thicknesses, ages and 
petrophysical properties for all 38 events defined for the numerical simulation of the geological 
history are provided in Appendix Z. 
The framework of the thermal evolution of the basin has been adapted from simulations calibrated 
on the borehole Tobolka-1 (section 7.4.2). Thicknesses of eroded layers at the margins of the 
syncline were assumed to be similar to those of preserved layers in the centre of the basin. The 
discretised section with VRr values computed for the most probable scenario is shown in Fig. 7.11. 
Two extreme scenarios can be differed to distinguish a pre- or post-orogenic maximum burial of 
folded strata. If a syncline is folded prior to its maximum burial and prior to the highest 
temperatures reached in that basin, the resulting maturity pattern will crosscut stratigraphic borders 
and be dependent on burial depth only. If the strata have already reached their maximum burial 
depth prior to folding, maturity isolines will be parallel to stratigraphic borders. In between these 
Fig. 7.11: 2D section with VRr (%) overlay computed  using the kinetic approach EASY%Ro (Sweeney & 
Burnham, 1990). 
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two extreme scenarios, a syn-orogenic maturation of OM does result in an intermediate maturity 
pattern where maturity is dependant on both stratigraphic age and burial depth. 
The maturity pattern is marked by varying thicknesses along the section which are based on the 
seismic sections interpreted by Novotná (1980). The computed maturity pattern shows a strong 
correlation of VRr and the stratigraphic age of the strata. To a minor extend also the present-day 
burial depth has an influence on the maturity level. This would point to a syn-orogenic maturation 
of OM. However, as no crust shortening has been modelled in the section, this dependence on the 
present-day burial depth can be deduced on varying thicknesses along the section and is no 
indicator for a syn-orogenic maturation. The increase of computed maturity from the centre of the 
basin toward SE is remarkable. This increase is connected with a bulk increase of sedimentation 
thicknesses in Ordovician strata from 1941 m (GP 110) to 3029 m (GP 142). This increase of 
sedimentation thickness stems from a prolongation of thicknesses from places where respective 
strata are still present in total thickness towards the marginal part of the section, as no thickness 
information is available for the marginal part of the section. The computed maturity pattern of the 
section is dependent on the burial depth prior to the erosion of Lower Paleozoic strata, connected 
with the formation of the syncline structure. Thus varying maturity levels along stratigraphic 
boundaries are dependent on varying thicknesses only and do not express a syn-orogenic 
maturation of OM in the modelled section. 
In the following, the generation and migration of oil and gas, as computed from the thermal history 
of the most probable scenario, will be tracked as one example through geological time. Crucial 
steps of the generation and migration of oil and gas are illustrated in Fig. 7.12. However, not all 
details of the modelling results can be displayed here, as a multitude of different variables have 
been computed for each individual time step and each finite element. Thus some of the results 
reported below can only be taken from the 2D output module of the PetroMod® programme, where 
zoomable screen pictures, value pointers and customisable colour options allow a more detailed 
look on the computed results. 
1!'				J%	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Mabp) the lowermost possible source rock defined in the section, the middle to upper Ordovician 
Letná Fm., entered the oil window in the central (1280-5500 m) and the south-eastern part of the 
basin, where temperatures up to 158°C were computed (cf. Fig. 7.12a; 1). However, the structurally 
higher parts of the section generated only minor amounts of oil, and temperatures in these areas did 
not significantly exceed 100°C during this phase of the basin evolution. 
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Fig. 7.12 a: Course of hydrocarbon generation, migration and accumulation along the 2D cross section. 
Green and red arrows represent oil and gas vector data, overlay indicates petroleum saturation in %/100. 
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Fig. 7.12 b: Course of hydrocarbon generation, migration and accumulation along the 2D cross section. 
Green and red arrows represent oil and gas vector data, overlay indicates petroleum saturation in %/100. 
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deposition of the youngest rock unit that is recorded at present day, the 300 m thick Srbsko Fm. 
(Srbsko, Givetian, event 14, 382-372 Mabp, cf. Fig. 7.12a; 2). This sedimentation thickness is in 
accordance with traditional values published in the literature on the stratigraphic evolution of the 
Prague Basin (e.g. Kukal & Jäger, 1988; -'$et al., 1998). The Kosov-  	!y was 
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Fm. did not exceed temperatures of ~60°C in structural highs at that time. The deposition of  
1100 m additional sediments not documented in the present day sedimentary record (HSrbskoA, 
Frasnian, event 15, 378-369 Mabp) led to an onset of oil generation (cf. Fig. 7.12a; 3). The 
maximum of oil generation was reached in the Tournaisian with the deposition of additional  
1100 m hypothetical “Srbsko Fm.” (HSrbskoB, event 16, 379-360 Mabp). At the end of this event, 
all possible source rocks have reached the oil window, and minimum temperatures for the 
7''	"	#$S/& -R
B/F24'-day maturity pattern results 
from this burial, leaving only a small residual oil and gas potential for the previously buried source 
rock units. 
“Cementation” in layer 13 LochkovChot, triggered with the cementation module at 100°C, reduced 
porosity to 5% during the deposition of HSrbskoB. This hindered an effective expulsion of 
formation water in the underlying Silurian formations. This leads to an increase of pore pressure in 
7''+"	#$
!!
'S&B-4.0 instead of about 2.5 
MPa (equiv. ~37-40 and 25 bar) at a burial depth of about 2100 to 2800 m. With a lithostatic 
pressure of 50-62 MPa (~500-620 bar), this results in a ratio ~0.07 of hydraulic 
overpressure/lithostatic pressure. Thus a model with a decreased porosity in the LochkovChot 
event does not only fit better with observed present day porosities of about 5%, but also can better 
explain the presence of overpressure-!


+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!  
At the time of maximum burial, petroleum saturation in structural traps juxtaposed to faults up to 
95% have been computed. Seals of these petroleum reservoirs are the tuffitic shales of the 
Kopanina Fm. with a computed vertical permeability of 5.0*10-5 md, and the closed faults with a 
permeability log factor of 0 and –10 along and perpendicular to the faults, respectively. Most of 
this petroleum adjacent to faults is indigenous petroleum generated from the Po#$! 
itself. However, in finite elements close to faults a contribution of up to 80% of petroleum 
saturation from the Ordovician Letná and Vinice Fm. has been computed. In addition, vector data 
of oil flow indicate that fractures are saturate!			 !"	#$!
Ordovician Letná and Vinice Fm. Thus, the geochemical evidence that residual oils have 
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Letná and Vinice Fm. could be shown to be numerically consistent. 
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Beef calcites as indicators of overpressure conditions were found in organic-rich wackestones of 
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overpressure can be attributed to the rapid subsidence (249 and 181 m/Ma for HSrbskoA and 
HSrbkoB) of relatively impermeable strata and the primary generation of hydrocarbons. In 
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cementation with sparry calcite cements. This cementation phase was modelled with the 
cementation module and triggered at 100°C, the remaining pore space was reduced to 5%. 
Therefore, an expulsion of pore fluids from the underlying Silurian and Devonian strata was 
hampered. During subsequent uplift this overpressure readjusts to hydrostatic conditions due to 
pressure unloading and expulsion of petroleum and water. 
Subsequent erosion of hypothetical layers after the maximum burial was accompanied by an 
ongoing drainage of microreservoirs, as computed with the fault model with highly permeable, 
“open” permeabilities along faults (log factor 10) and reduced permeabilities across faults (log 
factor –10). This drainage continues until present time, while a burial with Upper Carboniferous, 
Lower Permian, Upper Cretaceous and Miocene strata did not lead to a second generation of 
petroleum. The drainage of microreservoirs and the cooling history of the basin are displayed in 
Fig. 7.12b; 5-8. 
For bitumens and fluid inclusions of group D, a mechanism for wax precipitation from rising fluids 
focussed on faults and fracture system and associated with Tertiary block tectonics was discussed 
in section 6.1. This mechanism has been shown to be numerically possible, as microreservoirs 
postulated section 6.1 are also indicated by basin modelling.  
R é s u m é :  
The generation and migration of petroleum as computed for the burial and heat flow history of the 
“most probable scenario” has been tracked through geological time. With the deposition of the 
Lower Devonian Lochkov to -	  % 	
	%-	T/&  0!! 	 7''
Ordovician Letná Fm. entered the oil window in the central and south-eastern part of the basin. The 
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buried in temperature zones of ~60 to ~88°C by the deposition of the youngest preserved 
sedimentary unit of the Prague Basin, the Middle Devonian Srbsko Fm. These source rocks entered 
the main oil generative window during the deposition of additional 1100 m sediments that are not 
preserved in the present-day sedimentary record. At the end of this sedimentation, all possible 
source rocks have entered the oil window at a minimum temperature of ~135°C. The computed 
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present-day maturity pattern results from this maximum burial, leaving only a small residual oil 
and gas potential for the previously buried source rock units. 
Pore pressures exceeding hydrostatic conditions were computed for the time of maximum burial. 
The increase or hydraulic overpressure was amplified by the use of the cementation module, as a 
modelling without this module resulted in unrealistic high porosity values for the Lower Devonian 
event LochkovChot_13. This fits with the occurrence of overpressure-indicating beef calcites. In 
the modelling, petroleum migration was concentrated on faults. In microreservoirs in structural 
traps juxtaposed to faults, a pore saturation with petroleum up to 95% has been computed. Most of 
'	+ !"	#$
	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rock formations itself. 
However, in some parts also a significant contribution of the Middle and Upper Ordovician Vinice 
and Letná Fm. has been computed. In addition, oil and gas migration from different sources 
occurred simultaneously along the same fault-controlled migration pathways. This has been already 
presumed from the geochemical analysis of petroleum inclusions and bitumens (cf. section 6.7). 
The deposition and erosion of strata post-dating the Variscan sedimentation cycle, namely in the 
Upper Carboniferous and Lower Permian, in the Upper Cretaceous and in the Tertiary, did not lead 
to an additional generation of petroleum. In the Tertiary, intensive block faulting has been taken 
into consideration with an opening of fault systems during that time. In the model, some petroleum 
microreservoirs were preserved up to the present time. Occurrences of small, oil-filled 
microreservoirs and oil shows have been encountered in the Prague Basin, e.g. in well Bykoš-1 and 
in well Roblín –1 (cf. Fig. 4.2). A recent discharge of microreservoirs along fault systems that is 
required for the precipitation of type D waxy bitumens and petroleum inclusions (cf. section 6.1 
and 7.4.1) has also be computed from the numerical simulation of the model. Therefore, the model 
showed that the migration concepts that have been developed earlier are numerically feasible. 
 
7.6 Conclusions 
The generation and migration of hydrocarbons has been modelled along a 10.7 km long section 
perpendicular to the basin axis. This section was calibrated on the 2712.4 m deep borehole 
Tobolka-1. An increase of organic maturity from 0.89 to ~2.34% VRr equiv has been established 
based on reflectance values determined on vitrinite-like organic matter, bitumens, graptolites and 
chitinozoans (Eva Fr
  ' 
	. In addition, independent maturity and temperature 
parameters from organic geochemistry, fluid inclusion microthermometry and fission track 
analyses have also been used and were compared with results from OM reflectance. 
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The youngest known depositional unit of the Lower Paleozoic sedimentary cycle building up the 
stratigraphic succession of the Prague Basin is the Middle Devonian Srbsko Fm. However, the 
maturity trend from 0.89 to ~2.34% VRr equiv points to the deposition of additional layers in the 
erosive top of the Srbsko Fm. Based on 1D modelling of this maturity trend A%
 '	!	
the following two possible geological scenarios 
 N0'	3EO
 C/5;
/;;2 
  et al., 1998): i) A “Devonian scenario” assuming the deposition of up to 1500 m 
sedimentary of tectonic units with a maximum burial in the Lowermost Carboniferous, and ii) a 
“Permocarboniferous scenario” with a maximum burial in the Lower Permian due to the deposition 
of >1400 m terrestrial Upper Carboniferous and Lower Permian sediments post-dating the Lower 
Paleozoic sedimentary cycle. This concept could be narrowed down to the “Devonian scenario”, as 
fission track data give no evidence for extensive Upper Carboniferous and Lower Permian burial in 
the centre of the Prague Basin. 
Minimum, maximum and most probable scenarios with a maximum burial in the Lowermost 
Carboniferous have been determined and tested on their sensitivity on different input parameters. 
The most probable model calculated with 2200 m Devonian and Lower Carboniferous sediments 
on top of the Srbsko Fm. at a slightly increased heat flow of 71 mW/m2. 
The generation and migration of hydrocarbons has been modelled for the most probable scenario. 
This modelling showed that oil and gas migration are simultaneous events, as assumed in Chapter 
6. Migration was mainly bound to fault zones. The migration concepts outlined in Chapter 6 could 
be shown to be numerically possible. 
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B. Microthermometical measurements 
 
A + B = maximum and minimum diameters 
Volume calculated for elipsoid 
Amount HC calculated with density 0.8 g/cm3 
 
HV 19, Budnanska Skala smoky quartz crystals 
1. Chip = 74 classified inclusions 
  
Total volume (µm3) 290834 
Total amount  HC (ng) 233 
 
Detail 0 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 93.4 200 50 18 2806.2 261799 209.44 1% 
14 HCFI 102.7 13 8 4 22.4 368 0.29 6% 
15 HCFI 103.1 15 10 5 65.4 785 0.63 8% 
16 HCFI 103.2 10 8 3 14.1 295 0.24 5% 
      6 263247 210.60  
 
         
Detail 1 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 88.2 13 8 2 7.2 429 0.34 2% 
2 HCFI 89.4 16 10 2 4.2 772 0.62 1% 
3 HCFI 91.8 22 5 2 2.9 261 0.21 1% 
4 HCFI 98.5 36 14 4 33.5 3909 3.13 1% 
5 HCFI 93.7 12 4 1 1.6 101 0.08 2% 
6 HCFI 93.7 5 8 2 2.1 161 0.13 1% 
7 HCFI 93.6 9 3 2 2.1 47 0.04 5% 
8 HCFI 93.8 14 8 2 4.2 456 0.36 1% 
9 HCFI 93.8 8 3 1 1.6 43 0.03 4% 
10 HCFI 93.0 20 14 3 11.5 2171 1.74 1% 
11 HCFI 93.9 36 7 1 0.3 977 0.78 0% 
12 HCFI 104.4 4 2 1 0.3 5 0.00 5% 
13 HCFI 100.8 5 4 1 0.9 40 0.03 2% 
14 HCFI 101.3 6 4 1 0.7 47 0.04 2% 
15 HCFI 102.0 4 2 1 0.3 12 0.01 2% 
16 HCFI 103.7 9 8 1 1.6 295 0.24 1% 
17 HCFI 93.8 10 6 1 0.9 206 0.16 0% 
18 HCFI 100.7 8 5 1 0.5 97 0.08 0% 
      6 10028 8.02  
 
         
Detail 2 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 70.1 54 21 8 248.5 12469 9.98 2% 
2 HCFI 81.6 52 2 2 3.1 89 0.07 3% 
3 HCFI 112.6 16 6 2 3.1 305 0.24 1% 
4 HCFI 73.8 4 3 1 0.5 20 0.02 2% 
5 HCFI 79.7 16 4 2 3.1 144 0.12 2% 
6 HCFI 65.7 8 5 2 2.5 119 0.10 2% 
7 HCFI 106.5 10 3 1 0.2 48 0.04 0% 
      6 13194 10.56  
 
         
Detail 3 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI / 10 4 / / 68 0.05 / 
2 HCFI 79.8 12 6 3 11.0 191 0.15 6% 
3 HCFI 74.8 2 1 1 0.4 1 0.00 50% 
4 HCFI 76.9 3 1 0 0.1 1 0.00 4% 
5 HCFI 76.7 8 2 1 1.4 22 0.02 6% 
6 HCFI 76.4 14 1 1 0.4 6 0.00 7% 
7 HCFI 76.5 2 1 0 0.1 1 0.00 9% 
8 HCFI 76.0 3 1 1 0.2 3 0.00 5% 
9 HCFI / 3 2 1 0.4 6 0.00 7% 
10 HCFI 66.5 4 2 2 2.2 7 0.01 30% 
11 HCFI >122.0 11 4 5 51.0 78 0.06 65% 
12 HCFI 53.2 3 1 1 0.2 2 0.00 9% 
13 HCFI 55.4 2 2 1 0.1 3 0.00 3% 
14 HCFI 55.3 10 4 1 1.4 97 0.08 1% 
15 HCFI 104.0 10 2 2 2.2 18 0.01 12% 
16 HCFI 131.8 4 3 1 0.5 22 0.02 2% 
17 HCFI 75.2 6 3 1 1.4 26 0.02 5% 
18 HCFI 138.9 10 4 2 2.8 72 0.06 4% 
19 HCFI 121.4 2 1 1 0.2 2 0.00 11% 
20 HCFI / 2 2 1 0.3 3 0.00 9% 
21 HCFI 75.1 8 2 1 1.4 22 0.02 6% 
      6 650 0.52  
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HV 19, Budnanska Skala smoky quartz crystals 
1. Chip = 74 classified inclusions 
 
Detail 4 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 116.8 10 2 1 0.4 17 0.01 2% 
2 HCFI 116.8 5 2 1 0.5 9 0.01 6% 
3 HCFI 125.5 5.5 4.6 0.9 0.4 61 0.05 1% 
4 HCFI 116.8 6.9 1.4 0.9 0.4 7 0.01 6% 
5 HCFI 116.8 3.7 1.4 0.5 0.1 4 0.00 1% 
      6 98 0.08  
 
         
Detail 5 
         
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI >160.0 3 1 1 0.4 1 0.00 33% 
2 HCFI 98.3 5 1 1 0.4 5 0.00 9% 
3 HCFI 89.9 8 3 2 3.3 33 0.03 10% 
4 HCFI n.d. 10 1 1 0.4 7 0.01 6% 
5 HCFI 72.3 3 1 0 0.1 1 0.00 4% 
6 HCFI 65.6 5 2 1 0.4 8 0.01 5% 
7 HCFI 67.9 3 1 0 0.1 3 0.00 2% 
8 HCFI 60.8 6 2 1 0.4 10 0.01 4% 
9 HCFI 124.0 18 10 7 172.0 987 0.79 17% 
10 HCFI 70.5 5 3 1 1.4 18 0.01 8% 
11 HCFI 64.3 3 2 1 0.8 8 0.01 10% 
12 HCFI 71.6 3 2 1 0.2 9 0.01 2% 
13 HCFI 69.2 8 2 1 0.5 22 0.02 3% 
14 HCFI 53.8 9 6 3 11.0 147 0.12 8% 
15 HCFI n.d. 23 2 1 1.4 41 0.03 3% 
16 HCFI n.d. 9 6 3 11.0 147 0.12 8% 
17 HCFI 75.0 16.1 2.1 1.4 1.4 36 0.03 4% 
18 HCFI n.d. 11.5 3.7 1.4 1.4 82 0.07 2% 
19 HCFI 96.0 20.7 17.5 6.9 172.0 3312 2.65 5% 
      6 3617 2.89  
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HV 19, Budnanska Skala smoky quartz crystals 
 
2. Chip = 179 classified inclusions 
Total volume (µm3) 237479 
 
Total amount  HC (ng) 190 
 
 
Detail 1 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 95.5 20 17 5 64.7 2874 2.30 2% 
2 HCFI 100.7 10 7 3 19.2 230 0.18 8% 
3 HCFI / 20 8 3 19.2 719 0.57 3% 
4 HCFI / 12 10 5 64.7 604 0.48 11% 
5 HCFI 90.0 7 3 2 2.4 38 0.03 6% 
6 HCFI 92.2 12 8 3 19.2 419 0.34 5% 
7 HCFI 79.9 86 8 7 153.3 3114 2.49 5% 
8 HCFI 99.0 17 10 5 64.7 862 0.69 8% 
9 HCFI 90.8 15 8 3 19.2 539 0.43 4% 
10 HCFI / 10 9 3 19.2 435 0.35 4% 
11 HCFI / 15 12 5 64.7 1056 0.84 6% 
12 HCFI / 7 6 2 8.1 138 0.11 6% 
13 HCFI 90.1 20 17 5 64.7 2874 2.30 2% 
14 HCFI 83.8 15 10 5 64.7 776 0.62 8% 
15 HCFI 80.1 30 8 3 19.2 1078 0.86 2% 
16 HCFI 92.8 18 12 3 19.2 1291 1.03 1% 
17 HCFI 91.8 66 10 5 64.7 3449 2.76 2% 
18 HCFI 121.6 75 25 17 2395.1 24250 19.40 10% 
19 HCFI 120.3 18 7 3 19.2 422 0.34 5% 
20 HCFI 136.4 33 10 5 64.7 1724 1.38 4% 
21 HCFI 87.2 30 8 3 19.2 1078 0.86 2% 
    
  6 47970 38.38  
 
         
Detail 2 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI / 10 3 / / 57 0.05 / 
2 HCFI / 8 5 2 2.4 108 0.09 2% 
3 HCFI / 12 3 / / 54 0.04 / 
4 HCFI / 3 3 / / 16 0.01 / 
5 HCFI / 3 3 / / 12 0.01 / 
6 HCFI / 4 3 / / 24 0.02 / 
7 HCFI / 10 3 2 4.1 57 0.05 7% 
8 HCFI 85.5 15 7 3 14.0 345 0.28 4% 
9 HCFI 80.0 15 5 2 8.1 194 0.16 4% 
10 HCFI 86.3 27 7 3 19.2 613 0.49 3% 
11 HCFI / 27 3 / / 153 0.12 / 
12 HCFI / 10 5 3 14.0 129 0.10 11% 
13 HCFI / 8 7 2 6.6 192 0.15 3% 
14 HCFI 95.3 3 3 1 1.2 19 0.02 6% 
15 HCFI 93.9 17 8 3 19.2 599 0.48 3% 
16 HCFI 84.0 12 8 2 6.6 419 0.34 2% 
17 HCFI 84.8 23 6 5 64.7 411 0.33 16% 
18 HCFI 84.2 8 8 2 6.6 299 0.24 2% 
19 HCFI / 5 2 / / 16 0.01 / 
20 HCFI / 7 5 2 6.6 86 0.07 8% 
21 HCFI 91.8 25 3 / / 116 0.09 / 
22 HCFI 81.8 27 7 4 42.1 613 0.49 7% 
23 HCFI / 10 3 2 2.4 57 0.05 4% 
24 HCFI 80.6 7 3 2 2.4 38 0.03 6% 
25 HCFI 95.5 5 2 1 1.2 7 0.01 17% 
26 HCFI 73.7 7 3 2 2.4 38 0.03 6% 
27 HCFI 98.5 15 8 5 64.7 539 0.43 12% 
28 HCFI / 42 8 3 19.2 1497 1.20 1% 
29 HCFI 85.1 12 7 3 19.2 268 0.21 7% 
30 HCFI 95.5 8 5 3 9.8 108 0.09 9% 
31 HCFI 95.5 7 5 2 8.1 86 0.07 9% 
32 HCFI 95.7 7 3 2 3.2 38 0.03 8% 
33 HCFI 74.4 12 8 3 19.2 419 0.34 5% 
34 HCFI 88.2 12 7 2 4.1 268 0.21 2% 
35 HCFI 79.8 17 6 3 19.2 293 0.23 7% 
36 HCFI 107.4 35 22 5 64.7 8500 6.80 1% 
37 HCFI / 18 15 7 153.3 2134 1.71 7% 
38 HCFI / 68 37 15 1746.0 47528 38.02 4% 
39 HCFI 83.5 8 4 2 2.4 75 0.06 3% 
40 HCFI 86.1 5 5 2 6.6 65 0.05 10% 
41 HCFI 86.3 35 7 5 64.7 805 0.64 8% 
42 HCFI / 25 12 3 19.2 1760 1.41 1% 
43 HCFI 98.1 7 5 2 2.4 86 0.07 3% 
44 HCFI / 8 8 2 8.1 276 0.22 3% 
45 HCFI 80.8 15 12 5 64.7 1056 0.84 6% 
46 HCFI 75.8 12 10 3 16.4 604 0.48 3% 
47 HCFI / 10 8 2 2.4 359 0.29 1% 
48 HCFI / 10 7 3 14.0 230 0.18 6% 
49 HCFI / 18 10 4 25.5 948 0.76 3% 
50 HCFI 61.5 22 8 3 19.2 778 0.62 2% 
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HV 19, Budnanska Skala smoky quartz crystals 
 
2. Chip = 179 classified inclusions 
 
Detail 2 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
51 HCFI 61.5 17 7 3 14.0 383 0.31 4% 
52 HCFI / 6 5 2 2.4 75 0.06 3% 
53 HCFI / 8 5 2 3.2 108 0.09 3% 
54 HCFI 61.5 17 7 2 8.1 383 0.31 2% 
55 HCFI / / / / / / / / 
56 HCFI / 5 3 2 2.4 29 0.02 8% 
57 HCFI / 5 3 1 0.8 29 0.02 3% 
58 HCFI / 5 3 1 0.8 29 0.02 3% 
59 HCFI 76.0 5 2 1 1.2 16 0.01 8% 
60 HCFI 77.5 12 5 2 2.4 151 0.12 2% 
61 HCFI / 20 12 3 19.2 1408 1.13 1% 
62 HCFI 86.0 12 5 3 19.2 151 0.12 13% 
63 HCFI 82.5 25 10 3 19.2 1293 1.03 1% 
64 HCFI 83.4 35 8 4 25.5 1257 1.01 2% 
65 HCFI 84.4 25 8 5 52.6 898 0.72 6% 
66 HCFI / 22 12 3 19.2 1526 1.22 1% 
67 HCFI / 17 7 2 8.1 383 0.31 2% 
68 HCFI / 12 8 3 19.2 419 0.34 5% 
      6 81554 65.24  
          
Detail 3 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
31 HCFI 94.9 17 12 3 14.0 1174 0.94 1% 
32 HCFI 95.7 28 20 5 64.7 5863 4.69 1% 
33 HCFI 74.4 8 7 2 2.4 192 0.15 1% 
34 HCFI 88.2 20 12 3 19.2 1408 1.13 1% 
35 HCFI / 17 7 3 19.2 383 0.31 5% 
36 HCFI / 22 17 7 153.3 3114 2.49 5% 
      6 35730 28.58  
 
         
Detail 4 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 88.2 37 20 8 299.39 7588 6.07 4% 
2 HCFI 79.0 25 5 3 19.16 323 0.26 6% 
3 HCFI 83.8 16.6 8.3 3.3 19.16 599 0.48 3% 
4 HCFI / 19.9 11.6 3.3 19.16 1408 1.13 1% 
5 HCFI 82.2 58.1 5.0 2.5 8.08 754 0.60 1% 
6 HCFI 88.6 49.8 16.6 6.6 153.29 7185 5.75 2% 
7 HCFI 85.1 24.9 5.0 3.3 19.16 323 0.26 6% 
8 HCFI 85.6 16.6 8.3 3.3 19.16 599 0.48 3% 
9 HCFI 82.9 10.0 5.0 1.7 2.40 129 0.10 2% 
10 HCFI 84.0 8.3 6.6 2.7 9.81 192 0.15 5% 
11 HCFI 84.8 13.3 10.0 3.3 19.16 690 0.55 3% 
12 HCFI 89.1 16.6 6.6 2.5 8.08 383 0.31 2% 
13 HCFI / 10.0 5.0 2.0 4.14 129 0.10 3% 
14 HCFI / 5.0 3.3 1.7 2.40 29 0.02 8% 
15 HCFI / 8.3 6.6 1.7 2.40 192 0.15 1% 
16 HCFI / 8.3 5.0 1.7 2.40 108 0.09 2% 
17 HCFI 87.0 28.2 11.6 3.3 19.16 1995 1.60 1% 
18 HCFI / 10.0 5.0 1.7 2.40 129 0.10 2% 
19 HCFI 82.7 10.0 6.6 1.7 2.40 230 0.18 1% 
      6 22986 18.39  
 
         
Detail 5 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
1 HCFI 94.8 12 9 4 22.45 491 0.39 5% 
2 HCFI 92.0 79 7 5 75.77 2020 1.62 4% 
3 HCFI 87.3 23 12 5 75.77 1788 1.43 4% 
4 HCFI 95.4 114 16 9 350.77 14774 11.82 2% 
5 HCFI 83.8 11 5 3 9.47 152 0.12 6% 
6 HCFI 84.9 18 9 5 75.77 702 0.56 11% 
7 HCFI / 114 12 11 606.13 8938 7.15 7% 
8 HCFI 94.7 21 14 4 43.85 2155 1.72 2% 
9 HCFI 104.9 12 7 3 16.37 314 0.25 5% 
10 HCFI 97.2 109 7 11 606.13 2784 2.23 22% 
11 HCFI / 12 7 3 9.47 314 0.25 3% 
12 HCFI 116.3 28 21 4 43.85 6465 5.17 1% 
13 HCFI / 26 3 2 2.81 95 0.08 3% 
14 HCFI / 11 4 2 2.81 67 0.05 4% 
15 HCFI / 9 4 2 2.81 56 0.04 5% 
16 HCFI 96.4 19 7 2 2.81 494 0.40 1% 
17 HCFI / 30 7 4 22.45 763 0.61 3% 
18 HCFI / 7 5 2 2.81 101 0.08 3% 
19 HCFI / 7 5 / / 101 0.08 / 
20 HCFI 114.1 28 5 3 9.47 404 0.32 2% 
21 HCFI 85.5 11 5 2 2.81 152 0.12 2% 
22 HCFI 77.6 7 4 2 2.81 45 0.04 6% 
23 HCFI 83.4 18 5 2 2.81 253 0.20 1% 
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HV 19, Budnanska Skala smoky quartz crystals 
 
2. Chip = 179 classified inclusions 
 
Detail 5 
        
No. Type Thom (°C) A (µm) B (µm) G (µm) Gas (µm3) Vol (µm3) ~ng HC G/L-Ratio 
24 HCFI 120.2 21 4 3 16.37 135 0.11 12% 
25 HCFI / 11 7 4 22.45 269 0.22 8% 
26 HCFI 92.6 21 11 3 9.47 1212 0.97 1% 
27 HCFI / 9 7 3 16.37 224 0.18 7% 
28 HCFI 94.9 1 5 2 2.81 17 0.01 16% 
29 HCFI 90.1 12 7 2 4.85 314 0.25 2% 
30 HCFI 90.9 7 5 2 2.81 101 0.08 3% 
31 HCFI 89.0 35 11 7 179.59 2020 1.62 9% 
32 HCFI 86.0 12 9 4 22.45 491 0.39 5% 
33 HCFI 86.7 12 7 2 4.85 314 0.25 2% 
34 HCFI 88.4 14 9 4 22.45 561 0.45 4% 
35 HCFI 87.4 11 5 2 4.85 152 0.12 3% 
      6 49240 39.38  
 
 
HV 12, Kosov Quarry KQ 2 
     
idiomorphic quarz crystal 
     
1. Chip 
      
 
      
No Type Thom (°C) A (µm) B (µm) V (µm3) ~ng H20 
1 AFI 70.2 235 70 2024102 2024 
2 AFI 65.5 112 18 118224 118 
3 AFI 65.0 90 30 127235 127 
4 AFI 63.9 110 60 380133 380 
5 AFI 65.5 40 20 16755 17 
6 AFI 65.5 40 20 16755 17 
7 AFI 65.5 40 20 16755 17 
8 AFI 70.0 118 60 437435 437 
9 HCFI 146.0 150 70 824668 825 
10 HCFI 67.0 200 70 1466077 1466 
11 HCFI 68.2 200 80 1675516 1676 
12 HCFI 76.0 300 100 4712389 4712 
13 HCFI 78.0 380 120 9072920 9073 
14 HCFI 76.2 320 150 8042477 8042 
15 HCFI 88.1 800 500 167551608 167552 
16 HCFI 78.1 420 200 18472565 18473 
17 HCFI 146.0 130 80 707906 708 
18 HCFI 104.2 40 20 16755 17 
    6 215680275 215681 
 
 
HV 6, Dolomite Quarry 
    
smoky quartz crystal 
    
1. Chip 
     
 
     
No Type Thom (°C) A (µm) V (µm3) ~ng H20 
1 HCFI 88.6 40 33510 33.51 
2 HCFI 99.6 50 65450 65.45 
3 HCFI 93.3 55 87114 87.11 
4 HCFI 92.1 20 4189 4.19 
5 AFI 94.7 18 3054 3.05 
   6 193316 193 
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C. Definition of geochemical parameters 
 
Aliphatic hydrocarbons: 
CPI 2* (n-C25+n-C27+n-C29+n-C31+n-C33) / (n-C24+2* (n-C26+n-C28+n-C30+n-C32)+n-C34) (Bray 
& Evans, 1961) 
CPI 1 2* (n-C25+n-C27) / (n-C24+2*n-C26+n-C28) 
CPI 2 2*n-C27 / (n-C26+n-C28)) 
CPI 3 2* (n-C27+n-C29) / (n-C26+2*n-C28+n-C30) 
CPI 4 2*n-C29 / (n-C28+n-C30) 
CPI 5 2* (n-C25+n-C27+n-C29+n-C31) / (n-C24+ (2* (n-C26+n-C28+n-C30)+n-C32) 
CPI 6 (n-C17+2* (n-C19+n-C21)+n-C23) / (2* (n-C18+n-C20+n-C22) 
LHCPI (n-C17+n-C18+n-C19) / (n-C27+n-C28+n-C29) 
 
OEP 1 (n-C21+6*n-C23+n-C25)/(4*n-C22+4*n-C24) 
OEP2 (n-C25+n-C27+n-C29)/(4*n-C26+4*n-C28)  
 
ISO 1 pristane / n-C17 
ISO 2 phytane / n-C18 
ISO 3 (pristane / n-C17) / (phytane / n-C18) 
ISO 4 (pristane + phytane) / (2*n-Cmax) 
ISO 5 (pristane + n-C17) / (phytane + n-C18) 
 
GOR Gas range compounds (bulk from methane through n-C5) vs. bulk of all 
compounds including the hump of Unresolved Complex Mixture 
Gas/n-alkane ratio Gas range compounds (bulk from methane through n-C5) vs. gas-range 
compounds (bulk from methane through n-C5) + higher n-alkanes ratio 
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Aromatic hydrocarbons: 
Methylnaphthaline-ratio (MNR) 
MNR  2-MN / 1-MN 
%Rc (MNR) 0.17*MNR+0.82 (Radke et al., 1984) 
(valid for coals of varied provenance above 0.8 %Ro) 
 
Dimethylnaphthaline-ratio (DNR 1) 
DNR 1  (2,6-DMN+2,7-DMN) / 1,5-DMN 
%Rc (DNR 1) 0.046*DNR+0.89 (Radke et al., 1984) 
(valid for coals of varied provenance above 0.8 %Rr) 
 
Methylphenanthrene-ratio (MPR) 
MPR  (2-MP / 1-MP) 
%Rc (MPR) 0.99*logMPR+0.94 (Radke et al., 1984) 
 
Methylphenanthrene-index 1 
MPI 1  (1.5* (2-MP+3-MP) / (P+9-MP+1-MP) 
%Rc (MPI 1) 0.6*MPI 1+0.4  (valid for VRr<1.35%) 
%Rc (MPI 1) -0.6*MPI 1+0.22 (valid for VRr>1.35%) 
 
 
Sulphur aromatics: 
Methydibenzothiophene-ratios (MDR (x)) 
MDR  4-MDBT / 1-MDBT 
%Rc (MDR) 0.073*MDR+0.51  
 
MDR 1 1-MDBT / DBT 
%Rc (MDR 1) -0.39* MDR 1 +1.19 (Santamaría Orozco et al., 1998) 
 
MDR 2,3 2+3 MDBT / DBT 
%Rc (MDR 2,3) 0.37* MDR 2,3 +0.16 (Santamaría Orozco et al., 1998) 
 
MDR 4  4-MDBT / DBT 
%Rc (MDR 4) 0.29* MDR 4 +0.18 (Santamaría Orozco et al., 1998) 
 
EDR  4-MDBT / 1-EDBT 
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D. Screening analysis of potential source rock samples 
 
Samples from borehole Tobolka-1 
E-number Formation Lithology Depth (m) 
TOC 
(%) 
S1  
(mg HC/g rock) 
S2  
(mg HC/g rock) 
S3  
(mg CO2/g rock) 
Tmax S2-1 
(°C) 
Tmax S2-2 
(°C) 
Tmax S2-3 
(°C) 
PI 
(S1/S1+S2) 
HI 
(S2/ g TOC) 
OI 
(S3/ g TOC) 
47095 Zlíchov-Lmst. dark limestone 6.3 0.25          
47096 Zlíchov-Lmst. dark limestone 50.0 0.49 0.15 0.59 0.18  452  0.20 120 37 
47097 Zlíchov-Lmst. dark limestone,  89.6 1.09 0.37 1.81 0.23  446  0.17 166 21 
47098 Zlíchov-Lmst. dark grey siltstone, lam. 137.0 0.86 0.17 0.59 0.29  459 528 0.22 69 34 
47099 Lochkov-Lmst. dark limestone, shear plane,  473.5 0.22          
47100 3RåiU\-Lmst. dark limestone, siltig, layered 536.4 2.05 0.72 1.80 0.19  444 533 0.29 88 9 
47101 Kopanina dark grey siltstone, pyrite 650.3 1.28 0.72 1.09 0.24 429 442 429 0.40 85 19 
47102 Kopanina lam. silt-/sandstone 704.2 0.44 0.06 0.19 0.20  465 549 0.24 43 45 
47103 /LWH  dark siltstone 832.2 1.72 0.54 1.14 0.24 416 440 525 0.32 66 14 
47147 Kosov grey siltstone 976.8 0.11          
47148 Kosov grey siltstone 1007.0 0.21          
47104 Kosov limy shale, shear plane, pyrite 1007.6 0.21          
47105 Kosov dark grey, sheared limestone 1071.1 0.27          
47149 Kosov grey shale 1071.1 0.31 0.04 0.27 0.30  480 549 0.13 <1 <1 
47150 .UDO Y'Y U grey siltstone/shale 1117.8 0.15          
47106 .UDO Y'Y U dark shale, marly 1118.0 2.30 0.67 1.90 0.16 431 449 524 0.26 83 7 
47151 .UDO Y'Y U grey, silty shale 1177.0 0.72 0.49 0.85 0.19 426 439 >550 0.37 1 <1 
47107 .UDO Y'Y U dark siltstone 1177.5 0.28          
47152 Kosov grey siltstone 1222.0 0.20          
47153 Kosov grey siltstone 1239.0 0.17          
47154 Kosov grey siltstone/shale 1296.0 0.11          
47155 .UDO Y'Y U grey, silty shale 1358.0 0.15          
47108 .UDO Y'Y U dark shale, marly 1402.2 0.25          
47156 .UDO Y'Y U silty shale 1403.0 0.30 / 0.24 /  460 523 / <1 / 
47157 .UDO Y'Y U grey siltstone 1454.5 0.15          
47158 .UDO Y'Y U cleavaged siltstone 1500.1 0.15          
47109 Bohdalec dark siltstone 1613.8 0.73 / 0.46 0.06 452 484 503 / 63 8 
47110 =DKR DQ\ black silt-/sandstone 1928.4 0.78 / 0.36 0.15 456 499 549 / 46 19 
47111 Vinice black silt-/sandstone, micaceous 2003.9 0.82 / 0.59 0.16 455 493 508 / 72 20 
47112 Vinice black siltstone, micaceous 2114.3 0.93 / 0.58 0.12 451 504 535 / 62 13 
47113 Letná black silt-/sandstone 2234.2 0.91 / 0.56 0.11 443 507 545 / 62 12 
47114 Letná black cleavaged siltstone 2377.0 1.19 / 0.38 0.07 439 496 538 / 32 6 
47115 Letná black siltstone 2431.0 0.84 / 0.50 0.01 433 466 508 / 60 1 
47116 Letná black siltstone 2535.0 0.21          
47117 Letná black silt-/sandshale 2544.6 1.09 / 0.24 0.28  481 >550 / 22 27 
47118 Letná black shale, shear plane 2548.1 0.84 / 0.26 0.02  457 550 / 31 2 
47119 Letná black shale 2550.7 0.91 / 0.57 / 452 513 546 / 63 / 
47120 Letná black silt-/sandstone 2574.9 1.61 0.02 0.40 0.10  460 >550 0.05 25 6 
47121 Letná black silt-/sandshale 2614.0 0.60 / 0.27 0.03  470 533 / 45 5 
47122 Letná black silt-/sandstone 2656.6 0.85 / 0.49 /  452 512 / 58 / 
47123 Letná black shale, shear plane 2707.0 0.62 / 0.27 0.03  485 >550 / 44 5 
47124 Letná black shale-/siltshale 2711.0 0.58 / 0.32 0.26  476 >550 / 55 45 
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Samples from borehole Roblín-1 
E-Numbers Formation Lithology Depth (m) 
TOC 
(%) 
S1 
(mg HC/g rock) 
S2 
(mg HC/g rock) 
S3 
(mg CO2/g rock) 
Tmax 
 (°C) 
Rc Tmax 
(%) 
PI  
(S1/S1+S2) 
HI 
 (mg HC/g TOC) 
OI 
 (mg CO2/g TOC) 
47125 Zlíchov dark limestone 26.4 0.10         
47126 Zlíchov calcareous shale 40.2 0.56 0.19 0.42 0.2 434 0.64 0.31 75 36 
47127 Zlíchov dark limestone 70.5 0.17         
47128 Zlíchov dark limestone 71.8 0.08         
47129 Zlíchov dark limestone 98.2 0.21         
47130 Zlíchov dark limestone 100.1 0.38 0.08 0.23 0.21 437 0.68 0.26 61 55 
47131 Zlíchov Fm./Dvorecko 
Prokopske Lmst. 
slick and slide 
zone 
104.7 1.07 0.89 1.38 0.19 440 0.73 0.39 129 18 
47133 Dvorecko-Prokopske  
Lmst. 
dark limestone 114.6 0.11         
47134 Dvorecko-Prokopske  
Lmst. 
dark limestone 173.3 0.09         
47135 Dvorecko-Prokopske  
Lmst. 
dark limestone 207.9 0.13         
47136 Dvorecko-Prokopske  
Lmst. 
dark limestone 237.8 0.34         
 
 
Samples from outcrops 
E-Numbers Formation Lithology Locality TOC  (%) 
TC  
(%) 
CaCO3 
(%) 
TS 
(%) 
S1 
(mg HC/g rock) 
S2 
(mg HC/g rock) 
S3 
(mg CO2/g rock) 
Tmax 
 (°C) 
Rc Tmax 
(%) 
PI  
(S1/S1+S2) 
HI 
 (mg HC/g TOC) 
OI 
 (mg CO2/g TOC) 
46177 Lochkov clay material from  
neptunian dyke 
ýHUWRY\ 
Schody (VCS) 
1.61 10.6 74.9 0.58 0.57 2.11 0.22 437 0.68 0.21 131 14 
46146 Roblín dark, silty shale Srbsko road 
section 
0.33 0.4 0.4 0.01 n.d. 0.07 0.24 n.d. n.d. n.d. 21 73 
46145 Daleje tentaculite-bearing 
shale 
Pod draci  
skalou/Karlstejn 
0.98 3.3 19.6 0.02 n.d. 0.49 0.86 438 0.70 n.d. 50 88 
46144 3RåiU\ calcareous shale Budnanska skala 
(BS) 
2.18 9.5 61.1 1.17 0.70 3.51 0.15 440 0.73 0.17 161 7 
46143 Kopanina bituminous limestone Kosov-Quarry 
(MQ) 
0.39 10.4 83.3 0.08 0.13 0.23 0.22 437 0.68 0.36 59 56 
46142 /LWH  dark, calcareous shale Kosov-Quarry 
(MQ) 
2.40 3.1 5.8 2.72 0.37 2.37 0.02 442 0.76 0.14 99 1 
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E. Extraction yields of potential source rocks 
 
Samples from outcrops 
E-Number Formation Locality TOC (%) 
    Extract 
(mg/g TOC) 
46146 Roblín Srbsko Road 0.33     23.4 
46145 Daleje-
7 HERWRY 
Pod draci skalou 
/ Karlsteijn 
0.98     14.9 
46144 3RåiU\ %XG DQVNi
skala 
2.18     54.4 
46143 Kopanina Kosov Quarry 0.39     79.5 
46142 /LWH  Kosov Quarry 2.40     27.9 
 
Samples from borehole Tobolka-1 extracted at FZJ 
E-Number Formation Depth (m) 
TOC 
(%) 
    Extract 
(mg/g TOC) 
47100 3RåiU\ 536.4 2.05     75.2 
47101 Kopanina 650.3 1.28     103.6 
47103 /LWH  832.2 1.72     54.6 
47106 .UDO Y'Y U 1118.0 2.30     36.5 
47111 Vinice 2003.9 0.82     7.3 
47114 Letná 2377.0 1.19     5.8 
47117 Letná 2544.6 1.09     5.4 
 
Samples from borehole Tobolka-1 extracted by Šimánek & Strnad (1978) 
E-Number Formation Depth (m) 
Corg 
(g) 
Cres 
(g) 
Chum 
(g) 
Cbit 
(g) 
CaCO3 
(%)
 
Extract 
(mg/g TOC) 
47642 Zlíchov 80.9 392 374 2 16 67.4 40.8 
47643 Zlíchov 136.2 14 13 <1 1 99.0 57.1 
47644 Praha 200.1 266 262 1 3 94.1 11.3 
47645 Praha 239.3 599 599 <1 1 94.2 1.0 
47646 Praha 267.0 10 8 <1 1 94.7 100.0 
47647 Praha 299.5 6 6 <1 1 93.5 161.3 
47648 Praha 336.3 1 1 <1 <1 97.5 115.4 
47649 Praha 373.5 3 2 <1 <1 95.9 100.0 
47650 Lochkov 416.3 192 188 <1 4 95.6 20.8 
47651 Lochkov 475.2 136 132 1 2 97.2 14.7 
47652 3RåiU\ 537.2 185 176 1 7 94.0 37.8 
47653 3RåiU\ 594.2 16 7 1 7 93.8 437.5 
47654 Kopanina 652.2 137 129 1 6 93.3 43.8 
47655 Kopanina 703.7 676 656 6 14 28.8 20.7 
47656 ÄGLDEDV³/LWH " 767.4 129 121 5 3 49.2 23.3 
47657 /LWH  833.6 2315 2240 2 73 12.9 31.5 
47658 ÄGLDEDV³/LWH  876.5 1579 1524 8 47 9.8 29.8 
47659 ÄGLDEDV³/LWH  921.5 588 545 18 25 2.4 42.5 
47660 Kosov  1007.5 285 260 12 13 1.8 45.6 
47661 Kosov  1073.1 151 122 13 16 10.5 106.0 
47662 .UDO Y'Y U 1175.5 291 275 8 8 7.0 27.5 
47663 Kosov  1235.6 224 213 5 6 3.0 26.8 
47664 Kosov  1296.5 169 154 6 9 1.6 53.3 
47665 .UDO Y'Y U 1359.5 160 152 5 4 1.0 25.0 
47666 .UDO Y'Y U 1456.0 243 224 6 14 3.5 57.6 
47667 Bohdalec Fm. 1557.0 1057 1042 7 8 4.1 7.6 
47668 =DKR DUQ\ 1656.7 525 513 5 8 3.0 14.3 
47669 =DKR DUQ\ 1868.5 455 445 6 5 2.9 11.0 
47670 =DKR DUQ\ 1930.0 1046 1034 6 6 4.2 5.7 
47671 Vinice 1955.0 1091 1077 8 6 2.8 5.5 
47672 Vinice 1976.5 1027 1012 10 5 3.8 4.9 
47673 Vinice 1996.0 1028 1015 9 4 4.5 3.9 
47674 Vinice 2022.0 1201 1192 3 6 2.6 5.0 
47675 Vinice 2039.9 1085 1072 9 5 3.5 4.6 
47676 Vinice 2050.9 1128 1115 9 4 3.8 3.6 
47677 Vinice 2200.0 1316 1306 5 4 3.4 3.0 
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F. Relative distribution of compound classes 
 
Relative distribution of compound classes in extracts of potential source rocks 
 
Samples from outcrops 
E-number Fraction Locality, lithology and formation Extract 
(mg) 
Fraction 
(mg) 
normalised portion 
of fraction (%) 
46146  Srbsko Road, dark siltstone 
Roblín Fm. 
8.5   
46146-9 acids   0.6 6% 
46146-8 bases   1.1 10% 
46146-10 high polarity NSO-compounds  1.8 17% 
46146-7-2 medium polarity NSO-compounds  1.3 12% 
46146-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 5.1 49% 
46146-7-3 high polarity NSO-compounds   (7-3)  0.6 5% 
 
     
46145  Pod draci skalou, tentaculite shale 
Daleje-T HERWRY)P 
14.7   
46145-9 acids   0.8 6% 
46145-8 bases   1.1 7% 
46145-10 high polarity NSO-compounds  1.8 12% 
46145-7-2 medium polarity NSO-compounds  3.3 22% 
46145-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 5.1 34% 
46145-7-3 high polarity NSO-compounds   (7-3)  2.9 19% 
 
     
46144  %XG DQVNiVNDODPDUO\OLPHVWRQH
3RåiU\)P 
92.7   
46144-9 acids   1.6 3% 
46144-8 bases   2.6 5% 
46144-10 high polarity NSO-compounds  3.3 6% 
46144-7-2 medium polarity NSO-compounds  4.7 9% 
46144-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 40.0 75% 
46144-7-3 high polarity NSO-compounds   (7-3)  1.5 3% 
      
 
     
46143  Kosov Quarry, calcarous shale 
Kopanina Fm. 
32.7   
46143-9 acids   1.5 5% 
46143-8 bases   2.2 7% 
46143-10 high polarity NSO-compounds  3.1 11% 
46143-7-2 medium polarity NSO-compounds  1.6 6% 
46143-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 20.0 70% 
46143-7-3 high polarity NSO-compounds   (7-3)  0.4 1% 
 
     
46142  Kosov Quarry 
FDOFDURXVVKDOH/LWH )P 
72.7   
46142-9 acids   11.0 18% 
46142-8 bases   7.2 12% 
46142-10 high polarity NSO-compounds  4.6 8% 
46142-7-2 medium polarity NSO-compounds  20.9 34% 
46142-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 15.8 26% 
46142-7-3 high polarity NSO-compounds   (7-3)  1.2 2% 
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Relative distribution of compound classes in extracts of potential source rocks 
 
Samples from borehole Tobolka-1 
E-number Fraction formation, lithology and  
depth 
Extract 
(mg) 
Fraction 
(mg) 
normalised portion 
of fraction (%) 
47100  3RåiU\)PGDUNOLPHVWRQH 
536,4 m 
21.8   
47100-9 acids   0.4 4% 
47100-8 bases   1.1 10% 
47100-10 high polarity NSO-compounds  3.2 28% 
47100-7-2 medium polarity NSO-compounds  0.2 1% 
47100-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 5.9 52% 
47100-7-3 high polarity NSO-compounds   (7-3)  0.6 5% 
 
    
47101  Kopanina Fm., dark siltstone 
650,3 m 
60.9  
47101-9 acids   2.4 5% 
47101-8 bases   0.5 1% 
47101-10 high polarity NSO-compounds  2.5 6% 
47101-7-2 medium polarity NSO-compounds  1.6 4% 
47101-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 36.9 84% 
47101-7-3 high polarity NSO-compounds   (7-3)  0.3 1% 
 
    
47103  /LWH )PGDUNFDOFDUHRXVVKDOH 
832,2 m 
23.6  
47103-9 acids   0.5 1% 
47103-8 bases   1.2 4% 
47103-10 high polarity NSO-compounds  11.2 37% 
47103-7-2 medium polarity NSO-compounds  1.0 3% 
47103-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 16.5 54% 
47103-7-3 high polarity NSO-compounds   (7-3)  0.4 1% 
 
     
47106  .UDO Y'Y U)PGDUNVLOWVWRQH 
1118,0 m 
43.5   
47106-9 acids   0.4 1% 
47106-8 bases   9.0 22% 
47106-10 high polarity NSO-compounds  8.2 20% 
47106-7-2 medium polarity NSO-compounds  1.2 3% 
47106-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 22.4 54% 
47106-7-3 high polarity NSO-compounds   (7-3)  0.4 1% 
 
     
47111  Vinice Fm., dark silstone/sandstone 
2003,9 m 
4.3   
47111-9 acids   0.4 7% 
47111-8 bases   0.1 2% 
47111-10 high polarity NSO-compounds  2.0 32% 
47111-7-2 medium polarity NSO-compounds  0.8 12% 
47111-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 2.7 43% 
47111-7-3 high polarity NSO-compounds   (7-3)  0.2 4% 
 
     
47114  Letná Fm., dark siltstone,        
2377,0 m 
6.6   
47114-9 acids   0.5 6% 
47114-8 bases   <0.1 0% 
47114-10 high polarity NSO-compounds  2.2 32% 
47114-7-2 medium polarity NSO-compounds  0.7 10% 
47114-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 3.4 48% 
47114-7-3 high polarity NSO-compounds   (7-3)  0.3 4% 
 
     
47117  Letná Fm., dark siltstone – 
sandstone, 2544,6 m 
5.8   
47117-9 acids   0.4 4% 
47117-8 bases   1.0 10% 
47117-10 high polarity NSO-compounds  2.0 21% 
47117-7-2 medium polarity NSO-compounds  0.6 6% 
47117-11 low polar compounds (aliphatic and aromatic HC, low polarity 
NSO-compounds) 
 3.3 34% 
47117-7-3 high polarity NSO-compounds   (7-3)  2.4 25% 
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Relative distribution of compound classes in bitumen extracts 
E-number Fraction Locality and sample type Extract (mg) 
Fraction 
(mg) 
Normalised portion 
of fraction 
46147  MQ, solid, frac. 9.3   
46147-9 acids   0.2 3% 
46147-8 bases   0.2 2% 
46147-10 high polarity NSO-compounds  2.7 41% 
46147-7-2 medium polarity NSO-compounds  0.4 6% 
46147-7-1 low polarity NSO-compounds  0.4 7% 
46147-2 aromatic HC   0.2 3% 
46147-1 aliphatic HC   1.9 33% 
46147-7-3 high polarity NSO-compounds (7-3)  0.2 4% 
 
     
46148  MQ, solid, ortho. 19.9   
46148-9 acids   1.3 7% 
46148-8 bases   0.1 1% 
46148-10 high polarity NSO-compounds  2.8 15% 
46148-7-2 medium polarity NSO-compounds  0.4 2% 
46148-7-1 low polarity NSO-compounds  2.0 15% 
46148-2 aromatic HC   1.2 9% 
46148-1 aliphatic HC   6.9 51% 
46148-7-3 high polarity NSO-compounds (7-3)  0.3 1% 
 
     
46149  MQ, solid, lob. 19.7   
46149-9 acids   1.5 9% 
46149-8 bases   0.9 6% 
46149-10 high polarity NSO-compounds  2.2 14% 
46149-7-2 medium polarity NSO-compounds  0.7 4% 
46149-7-1 low polarity NSO-compounds  2.3 20% 
46149-2 aromatic HC   0.7 6% 
46149-1 aliphatic HC   4.5 37% 
46149-7-3 high polarity NSO-compounds (7-3)  0.6 4% 
 
     
46150  DQ, solid, vugs + frac. 60.9   
46150-9 acids   5.1 9% 
46150-8 bases   1.0 2% 
46150-10 high polarity NSO-compounds  7.7 13% 
46150-7-2 medium polarity NSO-compounds  3.7 6% 
46150-7-1 low polarity NSO-compounds  9.8 21% 
46150-2 aromatic HC   4.0 8% 
46150-1 aliphatic HC   17.5 37% 
46150-7-3 high polarity NSO-compounds (7-3)  1.7 3% 
 
     
46151  SVJ, solid, vugs + frac. 132.5   
46151-9 acids   10.6 8% 
46151-8 bases   2.4 2% 
46151-10 high polarity NSO-compounds  9.4 7% 
46151-7-2 medium polarity NSO-compounds  2.7 2% 
46151-7-1 low polarity NSO-compounds  17.3 34% 
46151-2 aromatic HC   6.5 13% 
46151-1 aliphatic HC   16.9 33% 
46151-7-3 high polarity NSO-compounds (7-3)  1.6 1% 
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Relative distribution of compound classes in bitumen extracts ff. 
E-number Fraction Locality and sample type Extract (mg) 
Fraction 
(mg) 
Normalised portion 
of fraction 
46152  KQ, liquid, greenish oil 35.6   
46152-9 acids   1.5 4% 
46152-8 bases   0.3 1% 
46152-10 high polarity NSO-compounds  1.4 4% 
46152-7-2 medium polarity NSO-compounds  0.3 1% 
46152-7-1 low polarity NSO-compounds  1.1 4% 
46152-2 aromatic HC   2.1 8% 
46152-1 aliphatic HC   20.7 77% 
46152-7-3 high polarity NSO-compounds (7-3)  0.5 1% 
 
     
46153  ZQ, solid, lob. + ortho. + frac. 153.4   
46153-9 acids   45.3 35% 
46153-8 bases   4.6 4% 
46153-10 high polarity NSO-compounds  10.1 8% 
46153-7-2 medium polarity NSO-compounds  4.3 3% 
46153-7-1 low polarity NSO-compounds  10.0 10% 
46153-2 aromatic HC   4.7 5% 
46153-1 aliphatic HC   32.8 34% 
46153-7-3 high polarity NSO-compounds (7-3)  1.4 1% 
 
     
46156  ZQ, solid, beef calcite 86.9   
46156-9 acids   9.1 12% 
46156-8 bases   1.0 1% 
46156-10 high polarity NSO-compounds  6.7 9% 
46156-7-2 medium polarity NSO-compounds  2.9 4% 
46156-7-1 low polarity NSO-compounds  9.2 15% 
46156-2 aromatic HC   1.8 3% 
46156-1 aliphatic HC   34.2 55% 
46156-7-3 high polarity NSO-compounds (7-3)  1.3 2% 
 
     
46157  HQ, solid, frac. 125.9   
46157-9 acids   16.8 14% 
46157-8 bases   3.0 2% 
46157-10 high polarity NSO-compounds  4.6 4% 
46157-7-2 medium polarity NSO-compounds  2.5 2% 
46157-7-1 low polarity NSO-compounds  10.9 35% 
46157-2 aromatic HC   7.7 25% 
46157-1 aliphatic HC   5.8 18% 
46157-7-3 high polarity NSO-compounds (7-3)  0.8 1% 
 
     
46158  HQ, semiliquid, frac. 94.2   
46158-9 acids   1.2 1% 
46158-8 bases   2.5 3% 
46158-10 high polarity NSO-compounds  6.8 7% 
46158-7-2 medium polarity NSO-compounds  1.7 2% 
46158-7-1 low polarity NSO-compounds  6.4 15% 
46158-2 aromatic HC   7.3 17% 
46158-1 aliphatic HC   22.1 53% 
46158-7-3 high polarity NSO-compounds (7-3)  1.5 2% 
 
     
46159  KSQ, solid, frac. 5.6   
46159-9 acids   0.1 2% 
46159-8 bases   0.1 2% 
46159-10 high polarity NSO-compounds  0.8 14% 
46159-7-2 medium polarity NSO-compounds  0.2 3% 
46159-7-1 low polarity NSO-compounds  1.7 31% 
46159-2 aromatic HC   0.1 1% 
46159-1 aliphatic HC   2.3 44% 
46159-7-3 high polarity NSO-compounds (7-3)  0.2 3% 
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Relative distribution of compound classes in bitumen extracts ff. 
E-number Fraction Locality and sample type Extract (mg) 
Fraction 
(mg) 
Normalised portion 
of fraction 
46160  CG, semiliquid, frac. 30.8   
46160-9 acids   11.3 32% 
46160-8 bases   3.6 10% 
46160-10 high polarity NSO-compounds  0.1 1% 
46160-7-2 medium polarity NSO-compounds  0.2 1% 
46160-7-1 low polarity NSO-compounds  0.9 4% 
46160-2 aromatic HC   1.3 5% 
46160-1 aliphatic HC   12.9 49% 
46160-7-3 high polarity NSO-compounds (7-3)  0.2 1% 
 
     
46161  CG, solid, frac. 54.2   
46161-9 acids   3.1 5% 
46161-8 bases   0.9 1% 
46161-10 high polarity NSO-compounds  9.0 14% 
46161-7-2 medium polarity NSO-compounds  2.4 4% 
46161-7-1 low polarity NSO-compounds  4.8 9% 
46161-2 aromatic HC   5.1 10% 
46161-1 aliphatic HC   27.6 52% 
46161-7-3 high polarity NSO-compounds (7-3)  3.8 6% 
 
     
46162  CKQ, solid, frac. 34.1   
46162-9 acids   3.0 9% 
46162-8 bases   3.3 9% 
46162-10 high polarity NSO-compounds  2.1 6% 
46162-7-2 medium polarity NSO-compounds  0.7 2% 
46162-7-1 low polarity NSO-compounds  4.5 15% 
46162-2 aromatic HC   2.0 7% 
46162-1 aliphatic HC   10.7 37% 
46162-7-3 high polarity NSO-compounds (7-3)  5.3 15% 
 
     
46163  CKQ, solid, frac. + vug 167.4   
46163-9 acids   27.7 17% 
46163-8 bases   27.4 17% 
46163-10 high polarity NSO-compounds  51.5 32% 
46163-7-2 medium polarity NSO-compounds  4.8 3% 
46163-7-1 low polarity NSO-compounds  15.4 14% 
46163-2 aromatic HC   4.0 4% 
46163-1 aliphatic HC   11.2 11% 
46163-7-3 high polarity NSO-compounds (7-3)  3.7 2% 
 
     
46166  LS, solid and semiliquid, frac. 16.0   
46166-9 acids   0.2 1% 
46166-8 bases   0.6 3% 
46166-10 high polarity NSO-compounds  7.7 42% 
46166-7-2 medium polarity NSO-compounds  0.2 1% 
46166-7-1 low polarity NSO-compounds  1.0 6% 
46166-2 aromatic HC   0.3 2% 
46166-1 aliphatic HC   7.2 44% 
46166-7-3 high polarity NSO-compounds (7-3)  0.1 1% 
 
     
46167  CQ, solid, frac. 5.2   
46167-9 acids   0.1 <1% 
46167-8 bases   14.4 67% 
46167-10 high polarity NSO-compounds  2.4 11% 
46167-7-2 medium polarity NSO-compounds  0.1 <1% 
46167-7-1 low polarity NSO-compounds  0.3 3% 
46167-2 aromatic HC   <0.1 <1% 
46167-1 aliphatic HC   0.6 6% 
46167-7-3 high polarity NSO-compounds (7-3)  2.8 13% 
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Relative distribution of compound classes in bitumen extracts ff. 
E-number Fraction Locality and sample type Extract (mg) 
Fraction 
(mg) 
Normalised portion 
of fraction 
46168  MKQ, solid, frac. 18.4   
46168-9 acids   0.3 1% 
46168-8 bases   0.5 3% 
46168-10 high polarity NSO-compounds  8.1 39% 
46168-7-2 medium polarity NSO-compounds  1.4 7% 
46168-7-1 low polarity NSO-compounds  2.9 16% 
46168-2 aromatic HC   1.9 10% 
46168-1 aliphatic HC   4.3 23% 
46168-7-3 high polarity NSO-compounds (7-3)  0.4 2% 
 
     
46169  KL, solid, frac. 15.0   
46169-9 acids   1.2 8% 
46169-8 bases   1.9 12% 
46169-10 high polarity NSO-compounds  3.0 19% 
46169-7-2 medium polarity NSO-compounds  0.7 4% 
46169-7-1 low polarity NSO-compounds  6.5 54% 
46169-2 aromatic HC   0.1 1% 
46169-1 aliphatic HC   0.1 1% 
46169-7-3 high polarity NSO-compounds (7-3)  0.4 2% 
 
     
46170  CB, solid, frac. 158.8   
46170-9 acids   1.0 1% 
46170-8 bases   6.8 4% 
46170-10 high polarity NSO-compounds  70.8 42% 
46170-7-2 medium polarity NSO-compounds  0.8 <1% 
46170-7-1 low polarity NSO-compounds  3.7 9% 
46170-2 aromatic HC   7.5 18% 
46170-1 aliphatic HC   10.9 26% 
46170-7-3 high polarity NSO-compounds (7-3)  0.8 <1% 
 
     
46171  PD, solid, ortho. 23.4   
46171-9 acids   0.5 2% 
46171-8 bases   0.4 2% 
46171-10 high polarity NSO-compounds  1.6 7% 
46171-7-2 medium polarity NSO-compounds  0.5 2% 
46171-7-1 low polarity NSO-compounds  1.1 6% 
46171-2 aromatic HC   1.2 7% 
46171-1 aliphatic HC   12.9 74% 
46171-7-3 high polarity NSO-compounds (7-3)  <0.1 <1% 
 
     
46172  PD, solid, lob. 137.5   
46172-9 acids   13.9 12% 
46172-8 bases   9.0 8% 
46172-10 high polarity NSO-compounds  0.5 <1% 
46172-7-2 medium polarity NSO-compounds  0.8 1% 
46172-7-1 low polarity NSO-compounds  1.2 2% 
46172-2 aromatic HC   0.8 2% 
46172-1 aliphatic HC   37.5 74% 
46172-7-3 high polarity NSO-compounds (7-3)  2.0 2% 
 
     
46173  PD, solid, frac. 17.5   
46173-9 acids   0.3 2% 
46173-8 bases   0.1 <1% 
46173-10 high polarity NSO-compounds  1.7 10% 
46173-7-2 medium polarity NSO-compounds  0.4 2% 
46173-7-1 low polarity NSO-compounds  1.4 10% 
46173-2 aromatic HC   0.7 5% 
46173-1 aliphatic HC   10.4 71% 
46173-7-3 high polarity NSO-compounds (7-3)  0.1 1% 
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Relative distribution of compound classes in bitumen extracts ff. 
E-number Fraction Locality and sample type Extract (mg) 
Fraction 
(mg) 
Normalised portion 
of fraction 
46174  BS, semiliquid, ortho. 74.0   
46174-9 acids   3.0 4% 
46174-8 bases   5.7 8% 
46174-10 high polarity NSO-compounds  4.8 7% 
46174-7-2 medium polarity NSO-compounds  3.1 4% 
46174-7-1 low polarity NSO-compounds  18.3 29% 
46174-2 aromatic HC   8.3 13% 
46174-1 aliphatic HC   21.1 33% 
46174-7-3 high polarity NSO-compounds (7-3)  0.6 1% 
 
     
46175  BS, solid, ortho. + frac. 20.1   
46175-9 acids   2.3 13% 
46175-8 bases   0.3 2% 
46175-10 high polarity NSO-compounds  4.3 25% 
46175-7-2 medium polarity NSO-compounds  0.8 4% 
46175-7-1 low polarity NSO-compounds  2.6 18.% 
46175-2 aromatic HC   0.8 6% 
46175-1 aliphatic HC   4.6 32% 
46175-7-3 high polarity NSO-compounds (7-3)  0.1 1% 
 
     
46176  VCS, solid, frac. 37.7   
46176-9 acids   0.8 2% 
46176-8 bases   3.4 9% 
46176-10 high polarity NSO-compounds  2.1 6% 
46176-7-2 medium polarity NSO-compounds  0.9 2% 
46176-7-1 low polarity NSO-compounds  6.0 24% 
46176-2 aromatic HC   5.7 23% 
46176-1 aliphatic HC   6.9 28% 
46176-7-3 high polarity NSO-compounds (7-3)  2.0 5% 
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G. Geochemical parameters from aliphatic hydrocarbons 
 
Source rocks 
E-Number Stratigraphy, locality and depth Pr/Ph CPI 
Bray & Evans 
CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 LHCPI ISO-1 ISO-2 ISO-3 ISO-4 
46146 Roblín Fm. Srbsko Road 1.52 1.07 1.06 1.61 1.05 1.18 1.00 0.92 7.71 0.47 0.25 1.84 0.32 
47642 Zlíchov Fm. Tobolka 1 old. 80.9 m 1.76 1.05 1.00 1.43 1.08 1.17 1.05 1.01 3.02 0.48 0.27 1.82 0.33 
47100 3RåiU\)P7RERONDP 1.25 1.02 0.99 1.27 0.98 1.05 0.98 0.95 7.23 0.31 0.23 1.35 0.26 
46143 Kopanina Fm. Kosov Quarry 1.39 0.98 0.98 1.23 0.96 1.04 0.95 0.98 3.06 0.81 0.51 1.60 0.53 
47101 Kopanina Fm. Tobolka 1. 650.3 m 1.68 1.00 1.01 1.24 0.96 1.01 0.98 1.04 5.65 0.57 0.33 1.73 0.42 
47103 /LWH )P7RERONDP 1.36 1.04 0.94 1.48 0.95 1.00 0.95 0.94 17.53 0.26 0.19 1.34 0.21 
47657 /LWH )P7RERONDROGP 1.56 1.06 0.97 1.62 1.07 1.18 1.01 1.01 11.18 0.13 0.10 1.32 0.09 
46142 /LWH )P.RVRY4XDUU\ 1.77 1.04 1.00 1.48 0.99 1.06 0.99 0.99 6.78 0.25 0.14 1.75 0.19 
47661 Kosov Fm. Tobolka 1 old. 1073.1 m 1.20 1.01 1.03 1.38 0.98 1.05 0.99 1.00 2.27 0.27 0.22 1.21 0.16 
47106 .UDO Y'Y U7RERONDP 0.89 1.01 1.01 1.42 0.89 0.92 0.88 1.01 18.50 0.23 0.25 0.91 0.24 
47666 .UDO Y'Y U)P7RERONDROGP 1.23 1.01 0.99 1.24 0.99 1.13 0.98 0.98 1.22 0.51 0.48 1.06 0.45 
47111 Vinice Fm. Tobolka 1. 2003.9 m 0.49 1.05 1.01 1.36 0.94 1.11 0.96 0.86 4.01 0.43 0.32 1.32 0.16 
47117 Letná Fm. Tobolka 1. 2544.6 m 0.43 1.15 0.92 1.56 0.89 1.18 0.80 0.83 4.25 0.58 0.33 1.76 0.03 
47114 Letná Fm. Tobolka 1. 2377.0 m 0.49 0.99 0.98 1.65 0.89 1.02 0.86 0.80 8.31 0.47 0.31 1.50 0.23 
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Geochemical parameters from the analysis of aliphatic hydrocarbons 
 
Bitumen extracts 
E-Number Locality and sample type Pr/Ph CPI 
Bray & Evans 
CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 LHCPI ISO 1 ISO 2 ISO 3 ISO 4 
46147 MQ, solid, frac. 1.11 0.84 1.02 0.96 1.01 1.94 1.01 1.38 3.51 0.49 0.35 1.38 0.34 
46148 MQ, solid, ortho. 1.09 0.81 1.08 0.86 0.94 1.89 0.99 1.57 2.14 0.77 0.50 1.55 0.39 
46149 MQ, solid, lob. 0.88 0.85 1.07 0.89 0.99 2.07 1.03 1.35 2.60 0.69 0.51 1.36 0.45 
46150 DQ, solid, vugs and frac. 1.35 0.82 1.04 0.92 0.96 1.82 1.00 1.46 3.05 0.44 0.28 1.58 0.29 
46151 SVJ, solid, frac. and vugs 1.77 1.10 1.16 1.29 1.71 2.53 1.44 1.43 1.58 1.07 0.48 2.23 0.65 
46152 KQ, liquid, greenish oil from geodes 1.53 0.77 1.04 0.96 0.98 1.76 1.02 1.69 0.68 0.50 0.29 1.69 0.14 
46153 ZQ, solid, lob. 1.10 0.85 1.16 0.82 0.94 2.16 1.02 1.63 1.93 1.41 0.87 1.63 0.53 
46156 ZQ, solid, beef calcite 1.40 0.86 1.07 0.91 0.97 1.72 1.06 1.43 6.07 0.47 0.34 1.40 0.36 
46157 HQ, solid, frac. 2.48 1.06 1.23 1.16 1.57 2.57 1.40 1.37 6.73 1.13 0.45 2.52 0.95 
46158 HQ, semiliquid, frac. 2.26 0.86 1.08 0.96 0.99 1.96 1.05 1.57 1.98 1.25 0.54 2.32 0.68 
46159 KSQ, solid, thin coatings on frac. 1.14 0.87 1.05 0.76 0.90 1.84 0.98 1.61 5.92 1.13 0.67 1.68 0.42 
46160 CG, semiliquid, frac. 1.60 0.78 1.00 0.99 1.02 1.90 1.02 2.62 0.11 0.87 0.44 1.96 0.04 
46161 CG, solid, frac. 1.64 0.83 1.04 0.97 0.99 1.84 1.02 1.43 3.12 0.34 0.21 1.61 0.30 
46162 CKA, Radotín Fm., solid, frac. 1.18 0.81 1.02 0.98 1.00 1.85 1.00 1.47 1.69 0.28 0.21 1.34 0.20 
46163 CKA, Slivenec Fm., solid, frac. 1.67 0.82 1.03 0.94 0.97 1.78 0.97 1.32 8.32 0.34 0.21 1.64 0.27 
46166 LS, solid and semiliquid, frac. 1.48 0.78 1.04 0.99 1.00 1.78 1.03 1.86 0.54 0.44 0.23 1.91 0.08 
46167 CQ, solid, thin coatings on frac. 1.17 0.83 0.98 0.94 1.00 1.76 1.00 1.20 9.64 0.28 0.21 1.36 0.22 
46168 MKQ, solid, thin coatings on frac. 1.30 0.96 1.19 1.03 1.12 2.16 1.18 1.64 2.09 1.20 0.70 1.73 0.56 
46169 KL, solid, thin coatings on frac. 0.50 1.73 1.17 2.03 2.49 5.73 2.27 1.33 5.80 0.36 0.62 0.58 0.41 
46170 CB, solid, frac. 1.97 0.80 0.98 0.85 0.92 1.64 0.95 1.28 12.42 0.53 0.31 1.72 0.34 
46171 PD, solid, ortho. 1.60 0.80 1.02 0.93 0.96 1.75 0.97 1.44 3.10 0.79 0.43 1.83 0.50 
46172 PD, solid, Lob. 1.39 0.77 1.04 0.98 0.99 1.68 1.00 2.96 0.22 0.22 0.11 1.89 0.01 
46173 PD, solid, frac. 1.52 0.81 1.01 0.95 0.98 1.70 0.98 1.37 5.05 0.32 0.19 1.67 0.23 
46174 BS, semiliquid, frac. and ortho. 1.35 0.86 1.01 0.97 0.99 2.14 1.01 1.57 1.04 0.66 0.40 1.64 0.23 
46175 BS, solid, frac. 1.44 0.77 1.01 0.88 0.90 1.62 0.94 1.47 4.08 0.70 0.41 1.69 0.44 
46176 VCS, solid, frac. 1.51 0.86 1.10 0.92 1.02 2.36 0.99 1.39 7.07 0.89 0.55 1.63 0.58 
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H. Geochemical parameters from the analysis of aromatic hydrocarbons 
 
Integrative evaluation of aromatic maturity parameters in source rock extracts 
Sample Formation Depth(m) Rc (%) Evaluated 
46146 Roblín Fm. -500.0 0.82 x 
47642 Zlíchov Fm. 80.9 1.00 c 
47100 3RåiU\)P 536.4 1.13 x 
46143 Kopanina Fm. 620.0 1.00 x 
47101 Kopanina Fm. 650.3 1.50 cs 
46142 /LWH )P 800.0 1.07 x 
47103 /LWH )P 832.2 1.05 x 
47657 /LWH )P 833.6 1.29 c 
47661 Kosov Fm. 1073.1 0.86 c 
47106 .UDO Y'Y U)P 1118.0 1.17 x 
47666 .UDO Y'Y U 1456.0 0.98 c 
47111 Vinice Fm. 2003.9 0.75 cs 
47114 Letná Fm. 2377.0 0.80 cs 
47117 Letná Fm. 2544.6 0.71 cs 
 
Parameters used for evaluation: 
(c) Rc’ (%) = 0.95 + 1.10 log10 MPR 
(cs) Rcs’ (%) = 0.50 + 0.037 (MDR + EDR) 
(x) (Rc’ + Rcs’) / 2 
 
 
Parameters from the analysis of aromatic HC in CUS extracts of petroleum inclusions 
E-Nummer Group Locality MPR Rc (MPR)  MPI 1 Rc (MPI 1) 
46148 C Marble Quarry 0.22 n.d.  0.59 0.75 
46162 D ýHUQiURFNOLFND 1.37 1.10  0.78 0.87 
46168 M Malkov Quarry 0.98 0.94  0.68 0.81 
46163 M Cikánka Quarry 0.99 0.95  0.70 0.82 
46156 M =DN Y4XDUU\ 2.21 1.33  0.98 0.99 
46171 M Podolí-Dvorce 2.96 1.47  1.97 1.58 
46147 M Marble Quarry 2.29 1.35  1.98 1.59 
46170 S Cement Bohemia 2.43 1.37  1.99 1.60 
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Parameters from the analysis of aromatic HC in CUS extracts of petroleum inclusions 
Sample MPR Rc (MPR)  MPI 1 Rc (MPI 1)  MNR Rc (%) 
Bs2-Qz 1.44 1.12  0.61 0.77  1.81 1.13 
CB-Ca 3.15 1.50  1.20 1.12  3.54 1.42 
CQ-Bi-Ca-1 2.99 1.47  0.93 0.96  2.94 1.32 
CQ-Bi-Ca-2 2.56 1.40  0.90 0.94  2.93 1.32 
DQ1-SD 1.40 1.11  0.49 0.70    
HQ-Bi-SL-Ca 0.97 0.94  0.57 0.74  1.63 1.10 
KL-Ca-D 1.32 1.08  0.86 0.92  1.73 1.11 
KL-Ca-H 1.27 1.07  0.85 0.91  1.78 1.12 
KL-Ca-M 1.47 1.13  0.97 0.98  1.73 1.11 
KQ2-Qz-3 1.96 1.27  1.14 1.08  2.10 1.18 
KQ4-Qz 1.91 1.26  0.99 0.99  2.67 1.27 
KQ6-Ca-2 1.11 1.00  0.63 0.78  1.26 1.03 
KQ7-Qz 1.45 1.13  0.81 0.89  2.07 1.17 
KQ8-Qz-1 1.59 1.17  0.93 0.96  1.81 1.13 
KQ9-Qz 2.08 1.30  1.05 1.03  2.76 1.29 
KSQ-Qz 3.06 1.48  1.00 1.00  3.95 1.49 
MKQ-Ca 1.08 0.99  0.54 0.72  1.55 1.08 
MQcephBi-Ca 2.57 1.40  1.05 1.03  2.50 1.25 
PDceph-Bi-Ca1 2.68 1.42  1.11 1.07  / / 
Pdlob2-Ca-1 3.44 1.54  0.76 0.86  3.10 1.35 
SVJ2-Qz-2 1.04 0.97  0.67 0.80  1.91 1.14 
SVJ3-Ca 1.09 0.99  0.67 0.80  / / 
SVJ4-Ca-1 1.13 1.01  0.74 0.85  1.93 1.15 
SVJ-Bi-Ca 1.23 1.05  0.57 0.74  1.74 1.12 
ZL-Ca-1 2.25 1.34  1.22 1.13  2.55 1.25 
ZL-Qz-6 2.06 1.30  0.92 0.95  3.75 1.46 
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I. Geochemical parameters from MSSV-type analysis of petroleum inclusions 
 
     Relative amount of characteristic n-alkanes 
(normalised on 4 peaks)  
 Ternary distribution cf. 
Horsfield (1989) 
Name Plot-# Group Mixture  Su 1-4 
(%) 
Su 8-11 
(%) 
Su 13-20 
(%) 
Su 25-28 
(%) 
Su 30-32 
(%) 
 C1 –C5 
% 
n6-n14 
% 
n15-n32 
% 
KQ6-Ca 63 A AAA  14.4 52.2 29.4 3.9 0.1  16 55 30 
KQ2-Qz-1 17 A AAA  20.0 47.9 24.9 6.2 1.0  23 48 30 
HQsl-Bi-Ca 33 A EAB  43.7 30.9 20.9 4.2 0.2  40 36 25 
CB-Ca-1 19 A AAE  43.9 31.7 16.8 5.1 2.5  41 37 22 
KL-Ca-h-1  92 A AAA  31.8 30.9 23.8 9.9 3.6  43 29 28 
KQ8-Qz-1  85 A AAE  39.5 46.1 13.6 0.8 0.0  45 45 10 
SVJ1-Ca 51 A AAE  46.2 29.9 20.3 3.2 0.4  51 30 19 
KL-Ca-d-1  90 A AAA  40.5 33.3 22.3 3.7 0.2  52 30 19 
KQ9-Qz-1  86 A AE  56.0 24.2 14.3 4.1 1.4  54 28 18 
CB-Ca-2 20 A AEE  58.1 30.3 10.8 0.4 0.4  61 31 9 
MQ-Bi-Qz 46 A AB  62.7 22.0 12.4 2.4 0.5  64 23 13 
ZL-Ca-1  84 A EA  63.4 22.7 13.7 0.2 0.0  66 23 10 
KQ3-Qz 41 A AEB  66.3 20.2 10.6 2.2 0.6  67 22 11 
ZL-Qz-6  82 A EA  59.3 22.4 16.2 2.2 0.0  / / / 
     
         
PDlob-Bi-Ca-2 81 B BBA  23.6 27.7 34.4 10.9 3.4  30 29 41 
HQsol-Bi-Ca 34 B EB  36.2 27.2 30.3 6.3 0.1  32 31 36 
SVJ-Bi-Qz 50 B BAE  34.8 27.4 27.0 8.2 2.5  36 30 34 
KQ5-Qz 58 B EB  48.7 24.3 22.2 4.2 0.6  50 27 23 
KQ4-Qz 42 B EBA  58.1 22.5 13.8 4.6 1.0  54 26 20 
PDfr-Bi-Qz 56 B BBA  51.9 17.7 27.8 2.6 0.1  58 19 23 
ZL-Qz-5 26 B EB  56.2 16.7 21.1 5.5 0.5  62 18 20 
MQceph-Bi-Ca 44 B EB  67.6 16.2 12.1 3.4 0.7  67 18 14 
KSQ Qz 40 B BBE  66.8 15.2 17.5 0.5 0.0  71 14 16 
PD-Bi-Ca 37 B EBA  74.4 14.5 10.7 0.2 0.2  79 14 7 
CQ-CaBi 31 B EBA  77.4 13.1 8.4 1.1 0.0  80 13 7 
     
         
PDlob-Bi-Ca-1 53 C BC  3.2 2.2 38.0 20.7 35.8  4 10 85 
KQ2-Ca-1 16 C C??  4.6 2.2 2.4 13.5 77.2  11 5 84 
     
         
CG-Semil-Bi-Ca 45 D BD  17.8 24.9 28.0 18.6 10.7  18 29 52 
DQ-Qz-1 18 D DDE  14.5 7.2 4.9 41.8 31.5  26 11 63 
KL-Ca-m-1  91 D BD  19.1 28.0 26.2 17.3 9.4  30 29 41 
SVJ2-Qz 60 D BDED  28.5 22.3 27.7 15.0 6.5  31 24 45 
KQ7-Qz 28 D DEA  34.9 28.3 14.3 19.3 3.2  42 30 28 
ZL-Qz-2 23 D BDE  42.7 17.0 27.7 12.3 0.3  46 21 32 
CQ-Bi-Ca 29 D DE  74.7 8.7 4.2 12.3 0.1  82 9 9 
     
         
MQlobBi-Ca 49 E EBA  74.9 15.1 9.5 0.3 0.2  77 15 8 
CKQ2-Ca 71 E EA  75.4 18.2 5.7 0.0 0.7  78 19 3 
SVJ1-Bi-Ca 67 E E  42.3 23.4 13.6 7.3 13.4  80 11 9 
SVJ3-Ca-1  88 E E  82.8 11.9 5.3 0.0 0.0  81 15 4 
DQ-1-SD-1  87 E E  80.9 14.5 4.6 0.0 0.0  82 15 3 
VCS-Bi-Ca-2 39 E EEB  82.8 12.0 5.0 0.0 0.2  85 12 3 
MKQ-Ca-1 62 E EE?  87.1 10.4 2.2 0.0 0.3  85 12 3 
CQ-E46167 32 E EE?  86.5 6.9 6.3 0.0 0.3  87 9 4 
VCS2-Ca-1 64 E E  80.0 16.0 0.5 0.2 3.2  89 10 1 
DQ-Ca 59 E E  87.1 9.9 1.4 0.1 1.5  91 8 1 
MKQ-Ca-2 68 E EEA  89.3 6.8 2.5 0.0 1.4  91 7 2 
LS-Ca 43 E E  70.9 20.6 7.8 0.0 0.7  91 7 1 
KSQ Ca-1  89 E E  100.0 0.0 0.0 0.0 0.0  98 2 0 
VCS-Bi-Ca 38 E E  56.7 27.6 13.2 0.7 1.9  / / / 
     
         
CG-Semil-Bi-Qz 61 M BDE  27.8 23.8 26.0 14.4 8.0  30 27 43 
CKQ-Ca 72 M BDC  30.8 22.1 25.4 12.7 8.9  31 27 41 
CG-Sol-Bi-Ca 52 M EBACD  30.3 24.1 26.1 14.1 5.5  44 22 34 
BS-Qz 70 M EB  52.2 20.8 17.4 6.6 3.0  49 26 25 
ZL-Qz-4 25 M BD  48.4 19.3 19.6 9.6 3.1  51 21 27 
ZL-Qz-1 22 M EBA  49.2 26.0 20.6 4.0 0.2  52 27 21 
KQ2-Qz-2 27 M EBA  54.0 28.7 14.2 3.0 0.1  55 30 15 
ZL-Qz-3 24 M EBD  56.1 21.3 15.2 6.6 0.8  59 22 19 
KQ1-Qz 69 M EACB  55.4 24.5 12.5 3.5 4.0  62 23 15 
MQ-Bi-Ca 48 M EAB  60.5 20.3 15.6 3.0 0.6  63 22 16 
CQ-Bi-Ca 30 M EA  81.8 12.2 5.1 0.8 0.0  84 12 4 
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    distribution of bulk classes (totals)    n4 through n7 
Name Plot-
# 
Group  C1-5 (bulk) 
(%) 
bulk C6-C14 
(%) 
bulk C15-C32 
(%) 
GOR yield 
(µg/g XX) 
 Branched 
(%) 
Cyclic 
(%) 
Normal 
(%) 
KQ6-Ca 63 A 
 3 51 46 0.04 116  22 17 61 
KQ2-Qz-1 17 A 
 6 56 37 0.07 537  25 17 58 
HQsl-Bi-Ca 33 A 
 13 49 38 0.14 261  19 17 64 
CB-Ca-1 19 A 
 11 56 33 0.12 290  23 12 65 
KL-Ca-h-1  92 A 
 12 39 49 0.14 754  22 18 60 
KQ8-Qz-1  85 A 
 16 62 22 0.18 334  22 16 62 
SVJ1-Ca 51 A 
 15 47 38 0.18 53  36 8 56 
KL-Ca-d-1  90 A 
 15 42 43 0.18 291  21 18 61 
KQ9-Qz-1  86 A 
 15 36 49 0.18 961  19 17 64 
CB-Ca-2 20 A 
 22 78 0 0.29 54  20 10 70 
MQ-Bi-Qz 46 A 
 30 43 27 0.44 457  22 12 66 
ZL-Ca-1  84 A 
 28 45 27 0.38 151  21 12 66 
KQ3-Qz 41 A 
 19 47 34 0.24 62  21 13 65 
ZL-Qz-6  82 A 
 / / / / /  29 9 62 
   
          
PDlob-Bi-Ca-2 81 B 
 4 23 72 0.05 500  34 7 59 
HQsol-Bi-Ca 34 B 
 9 43 48 0.09 196  20 16 65 
SVJ-Bi-Qz 50 B 
 12 40 48 0.14 201  19 15 66 
KQ5-Qz 58 B 
 13 41 45 0.15 211  22 13 65 
KQ4-Qz 42 B 
 18 42 39 0.23 319  18 17 65 
PDfr-Bi-Qz 56 B 
 15 43 43 0.17 108  46 7 48 
ZL-Qz-5 26 B 
 11 45 44 0.12 214  23 6 71 
MQceph-Bi-Ca 44 B 
 18 37 45 0.21 137  20 12 68 
KSQ Qz 40 B 
 37 33 29 0.60 150  27 8 65 
PD-Bi-Ca 37 B 
 38 44 18 0.60 93  30 7 63 
CQ-CaBi 31 B 
 44 34 22 0.78 278  22 10 67 
   
          
PDlob-Bi-Ca-1 53 C 
 1 15 84 0.01 1370  40 6 54 
KQ2-Ca-1 16 C 
 3 13 84 0.03 758  45 6 48 
   
          
CG-Semil-Bi-Ca 45 D 
 4 30 67 0.04 186  20 9 71 
DQ-Qz-1 18 D 
 8 33 59 0.09 202  39 6 55 
KL-Ca-m-1  91 D 
 7 32 61 0.08 711  0 23 77 
SVJ2-Qz 60 D 
 6 22 72 0.06 345  19 14 67 
KQ7-Qz 28 D 
 7 42 51 0.08 196  22 15 62 
ZL-Qz-2 23 D 
 10 41 49 0.11 180  17 12 71 
CQ-Bi-Ca 29 D 
 48 36 15 0.93 137  22 9 68 
   
          
MQlobBi-Ca 49 E 
 21 49 30 0.27 47  40 7 54 
CKQ2-Ca 71 E 
 14 71 14 0.17 14  47 4 49 
SVJ1-Bi-Ca 67 E 
 3 18 79 0.03 179  81 8 11 
SVJ3-Ca-1  88 E 
 19 58 23 0.23 15  0 0 100 
DQ-1-SD-1  87 E 
 19 45 35 0.24 54  6 7 87 
VCS-Bi-Ca-2 39 E 
 35 65 0 0.55 31  18 5 77 
MKQ-Ca-1 62 E 
 22 78 0 0.29 9  21 15 64 
CQ-E46167 32 E 
 17 52 31 0.20 143  27 3 71 
VCS2-Ca-1 64 E 
 14 64 21 0.17 14  53 11 36 
DQ-Ca 59 E 
 33 67 0 0.50 9  54 2 43 
MKQ-Ca-2 68 E 
 21 48 31 0.27 42  51 4 45 
LS-Ca 43 E 
 33 67 0 0.50 9  49 13 38 
KSQ Ca-1  89 E 
 38 62 0 0.60 7  4 0 96 
VCS-Bi-Ca 38 E 
       74 9 17 
   
          
CG-Semil-Bi-Qz 61 M 
 6 29 65 0.07 219  20 11 69 
CKQ-Ca 72 M 
 7 27 67 0.07 395  20 14 65 
CG-Sol-Bi-Ca 52 M 
 8 27 65 0.08 243  62 4 34 
BS-Qz 70 M 
 10 33 56 0.12 923  20 16 63 
ZL-Qz-4 25 M 
 9 34 57 0.10 208  20 11 69 
ZL-Qz-1 22 M 
 18 46 36 0.22 247  21 13 66 
KQ2-Qz-2 27 M 
 13 52 35 0.16 231  21 18 60 
ZL-Qz-3 24 M 
 15 40 44 0.18 168  18 12 69 
KQ1-Qz 69 M 
 20 28 52 0.25 942  17 11 72 
MQ-Bi-Ca 48 M 
 28 38 35 0.38 460  24 11 65 
CQ-Bi-Ca 30 M 
 55 35 11 1.20 231  22 10 68 
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    T h o m p s o n ’ s  i n d i c e s  
    a r o m a t i c i t y  p a r a f f i n i c i t y  n o r m a l i t y  
Name Plot-# Group  A B X C F H R U 
KQ6-Ca 63 A 
 0.02 0.03 0.13 0.39 0.27 25.98 8.57 1.18 
KQ2-Qz-1 17 A 
 0.21 0.12 0.21 0.92 0.82 21.74 7.12 1.20 
HQsl-Bi-Ca 33 A 
 0.28 0.15 0.11 1.14 0.80 19.47 3.06 0.56 
CB-Ca-1 19 A 
 0.14 0.19 0.08 1.42 1.03 25.99 6.43 0.85 
KL-Ca-h-1  92 A 
 0.28 0.17 0.15 0.97 0.73 18.56 3.43 0.75 
KQ8-Qz-1  85 A 
 0.34 0.26 0.21 1.08 0.88 23.42 6.94 1.08 
SVJ1-Ca 51 A 
 0.41 0.29 0.13 1.38 0.98 21.48 6.45 0.92 
KL-Ca-d-1  90 A 
 0.55 0.16 0.06 0.91 0.67 17.60 3.23 0.78 
KQ9-Qz-1  86 A 
 0.29 0.33 0.11 0.93 0.72 20.35 4.37 0.96 
CB-Ca-2 20 A 
 0.74 0.27 0.12 1.37 1.10 25.29 7.21 1.04 
MQ-Bi-Qz 46 A 
 0.16 0.34 0.05 1.29 0.91 25.46 8.12 0.97 
ZL-Ca-1  84 A 
 0.71 0.32 0.14 1.14 0.83 21.92 6.02 1.04 
KQ3-Qz 41 A 
 0.60 0.23 0.15 1.02 0.70 18.72 5.38 0.97 
ZL-Qz-6  82 A 
 1.37 0.62 0.55 1.16 0.90 20.00 7.24 1.19 
   
         
PDlob-Bi-Ca-2 81 B 
 0.86 0.29 0.05 1.47 1.10 22.40 11.27 1.29 
HQsol-Bi-Ca 34 B 
 0.34 0.10 0.11 1.09 0.77 18.37 2.89 0.59 
SVJ-Bi-Qz 50 B 
 0.37 0.23 0.09 1.21 0.93 25.03 7.06 0.93 
KQ5-Qz 58 B 
 0.73 0.20 0.10 1.22 0.92 21.49 4.46 0.76 
KQ4-Qz 42 B 
 0.24 0.31 0.08 0.92 0.71 20.45 4.98 1.08 
PDfr-Bi-Qz 56 B 
 1.30 0.56 0.15 1.11 0.70 17.16 9.63 1.26 
ZL-Qz-5 26 B 
 2.07 1.06 0.42 1.23 1.03 10.51 / 1.95 
MQceph-Bi-Ca 44 B 
 1.00 0.37 0.17 1.03 0.73 17.92 4.18 0.94 
KSQ Qz 40 B 
 0.29 0.38 0.14 1.37 0.92 23.28 11.13 1.14 
PD-Bi-Ca 37 B 
 0.42 0.41 0.07 1.51 1.00 24.15 12.72 0.95 
CQ-CaBi 31 B 
 0.41 0.47 0.20 1.23 0.85 23.55 8.52 1.05 
   
         
PDlob-Bi-Ca-1 53 C 
 2.57 0.60 0.04 1.49 1.14 21.76 12.72 1.18 
KQ2-Ca-1 16 C 
      0.82 0.29 1.39 2.36 / / 2.42 
   
         
CG-Semil-Bi-Ca 45 D 
 0.97 0.11 0.10 1.71 1.33 24.71 8.89 1.08 
DQ-Qz-1 18 D 
 2.25 0.38 0.10 1.73 1.22 15.81 6.56 1.00 
KL-Ca-m-1  91 D 
 0.48 0.11 0.14 1.02 0.76 20.17 3.67 0.77 
SVJ2-Qz 60 D 
 0.46 0.22 0.08 1.24 0.99 25.04 6.63 0.95 
KQ7-Qz 28 D 
 0.89 0.16 0.17 0.83 0.64 17.74 5.69 1.32 
ZL-Qz-2 23 D 
 1.86 0.37 0.07 1.62 0.86 16.99 6.02 2.03 
CQ-Bi-Ca 29 D 
 1.21 0.47 0.11 1.21 0.81 20.83 6.29 0.92 
   
         
MQlobBi-Ca 49 E 
 1.24 0.86 0.16 1.14 0.80 13.62 4.77 1.04 
CKQ2-Ca 71 E 
 4.94 0.70 0.31 3.32 9.25 / / 3.21 
SVJ1-Bi-Ca 67 E 
 4.86 0.59 1.99 1.30 2.84 / / 3.66 
SVJ3-Ca-1  88 E 
 5.98 0.00 0.00 / / / / / 
DQ-1-SD-1  87 E 
 3.34 0.43 0.00 2.07 2.00 19.40 / 0.94 
VCS-Bi-Ca-2 39 E 
 3.43 1.34 0.19 1.05 0.70 9.61 / 0.90 
MKQ-Ca-1 62 E 
 0.17 0.36 0.52 15.88 7.63 / / 0.00 
CQ-E46167 32 E 
 3.05 0.84 1.37 2.29 2.22 / / 1.48 
VCS2-Ca-1 64 E 
 3.34 1.11 0.71 1.10 3.18 / / 6.59 
DQ-Ca 59 E 
 4.14 0.84 1.56 4.58 4.78 / / 2.22 
MKQ-Ca-2 68 E 
 4.44 0.75 1.47 1.30 1.53 / / 1.22 
LS-Ca 43 E 
 4.39 0.70 0.41 0.96 2.10 / / 4.68 
KSQ Ca-1  89 E 
 20.85 / / / / / / / 
VCS-Bi-Ca 38 E 
 2.22 0.72 0.24 1.66 1.70 20.31 / 0.98 
   
         
CG-Semil-Bi-Qz 61 M 
 0.91 0.22 0.07 1.48 1.13 25.13 7.83 0.97 
CKQ-Ca 72 M 
 0.55 0.23 0.08 1.19 0.89 22.74 5.63 0.96 
CG-Sol-Bi-Ca 52 M 
 1.13 0.18 0.09 1.60 1.30 22.41 8.37 1.15 
BS-Qz 70 M 
 0.36 0.27 0.14 0.93 0.65 16.74 2.85 0.67 
ZL-Qz-4 25 M 
 1.57 0.39 0.11 1.02 0.82 16.69 5.48 1.51 
ZL-Qz-1 22 M 
 0.45 0.29 0.06 1.07 0.82 22.02 6.89 1.20 
KQ2-Qz-2 27 M 
 0.46 0.23 0.16 0.78 0.64 18.56 5.89 1.17 
ZL-Qz-3 24 M 
 0.70 0.31 0.07 0.95 0.77 18.17 5.51 1.36 
KQ1-Qz 69 M 
 0.48 0.20 0.09 1.52 1.16 28.29 7.95 0.93 
MQ-Bi-Ca 48 M 
 0.18 0.32 0.06 1.32 0.92 25.13 7.54 0.98 
CQ-Bi-Ca 30 M 
 0.41 0.44 0.07 1.27 0.87 24.28 7.60 1.00 
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      C a r b o n  p r e f e r e n c e  i n d i c e s  
Name Plot-# Group  Pr/Ph  CPI 1 CPI 2 CPI 3 CPI 4 CPI 5 CPI 6 LHCPI 
KQ6-Ca 63 A 
 2.55  0.91 0.92 0.94 0.98 0.91 1.05 11.33 
KQ2-Qz-1 17 A 
 2.99  0.99 0.96 0.99 1.03 0.99 1.02 4.82 
HQsl-Bi-Ca 33 A 
 3.03  1.01 0.97 1.02 1.14 1.00 1.07 6.82 
CB-Ca-1 19 A 
 1.48  1.15 1.37 1.59 2.02 1.69 1.06 3.06 
KL-Ca-h-1  92 A 
 2.11  0.96 0.94 0.96 1.00 0.97 1.07 2.82 
KQ8-Qz-1  85 A 
 2.07  0.94 0.86 0.74 0.00 0.89 1.05 29.13 
SVJ1-Ca 51 A 
 2.39  0.92 0.74 0.97 1.83 0.99 1.02 13.32 
KL-Ca-d-1  90 A 
 2.10  0.93 0.98 0.99 1.01 0.93 1.06 8.44 
KQ9-Qz-1  86 A 
 2.08  0.97 0.94 0.98 1.03 0.98 1.05 4.09 
CB-Ca-2 20 A 
 2.16  0.76 0.00 0.00 / 0.84 0.97 / 
MQ-Bi-Qz 46 A 
 2.31  0.93 0.94 0.96 1.01 0.94 1.03 6.85 
ZL-Ca-1  84 A 
 2.06  0.61 0.00 0.00 / 0.61 1.06 / 
KQ3-Qz 41 A 
 1.84  0.92 0.84 0.91 1.07 0.96 1.02 6.26 
ZL-Qz-6  82 A 
 1.54  0.92 0.87 0.85 0.78 0.91 1.08 14.77 
   
          
PDlob-Bi-Ca-2 81 B 
 2.11  0.99 0.96 1.00 1.05 1.00 1.01 4.13 
HQsol-Bi-Ca 34 B 
 3.02  0.99 0.97 0.93 0.76 0.96 1.08 10.06 
SVJ-Bi-Qz 50 B 
 2.46  1.00 0.97 1.05 1.16 1.03 1.04 4.02 
KQ5-Qz 58 B 
 2.03  0.97 0.91 0.98 1.12 1.03 1.02 6.86 
KQ4-Qz 42 B 
 2.32  0.97 0.98 1.00 1.03 0.98 1.02 4.08 
PDfr-Bi-Qz 56 B 
 2.25  0.91 0.51 0.50 0.00 0.93 0.95 83.07 
ZL-Qz-5 26 B 
 1.72  0.92 0.95 0.95 0.95 0.91 1.08 5.55 
MQceph-Bi-Ca 44 B 
 2.09  0.91 0.96 0.93 0.86 0.90 1.00 4.88 
KSQ Qz 40 B 
 1.63  0.66 0.24 0.24 / 0.67 0.98 999.50 
PD-Bi-Ca 37 B 
 2.75  0.75 0.00 0.00 0.00 0.65 1.08 / 
CQ-CaBi 31 B 
 2.24  0.92 0.92 0.82 0.00 0.87 1.01 23.19 
   
          
PDlob-Bi-Ca-1 53 C 
 2.31  0.95 0.93 0.94 0.95 0.96 0.99 1.88 
KQ2-Ca-1 16 C 
 0.23  0.35 0.33 0.23 0.20 0.18 0.65 0.12 
   
          
CG-Semil-Bi-Ca 45 D 
 2.10  0.99 0.94 0.97 1.00 0.99 1.00 1.67 
DQ-Qz-1 18 D 
 0.76  1.03 1.01 1.03 1.04 1.04 1.27 0.10 
KL-Ca-m-1  91 D 
 2.03  0.99 0.98 1.00 1.01 1.00 1.05 1.65 
SVJ2-Qz 60 D 
 1.86  1.05 0.97 1.06 1.19 1.07 1.01 2.61 
KQ7-Qz 28 D 
 1.91  1.05 1.20 1.15 1.08 1.03 1.03 0.57 
ZL-Qz-2 23 D 
 2.25  1.03 1.17 1.08 0.89 0.99 1.06 2.50 
CQ-Bi-Ca 29 D 
 1.93  1.20 1.41 1.13 0.25 1.06 1.04 0.39 
   
          
MQlobBi-Ca 49 E 
 1.89  0.62 0.00 0.00 0.00 0.74 1.00 / 
CKQ2-Ca 71 E 
 1.00  / / / / 1.00 3.33 / 
SVJ1-Bi-Ca 67 E 
 2.50  1.84 3.68 3.31 3.19 1.77 2.43 0.23 
SVJ3-Ca-1  88 E 
 0.88  / / / / / 1.61 / 
DQ-1-SD-1  87 E 
 0.94  / / / / / 1.02 / 
VCS-Bi-Ca-2 39 E 
 2.69  / / / / / 1.86 / 
MKQ-Ca-1 62 E 
 /  0.00 / / / 0.67 1.88 / 
CQ-E46167 32 E 
 3.55  1.00 2.00 0.25 0.00 0.52 1.63 / 
VCS2-Ca-1 64 E 
 2.00  2.00 / 0.67 0.00 1.20 1.50 1.00 
DQ-Ca 59 E 
 /  / / / / 0.80 1.00 4.00 
MKQ-Ca-2 68 E 
 1.00  / / 0.35 0.35 1.00 1.30 16.00 
LS-Ca 43 E 
 /  / / / / 0.00 3.67 / 
KSQ Ca-1  89 E 
 /  / / / / / / / 
VCS-Bi-Ca 38 E 
 /  0.33 0.00 0.00 0.00 0.91 17.00 / 
   
          
CG-Semil-Bi-Qz 61 M 
 1.86  0.95 0.97 0.99 1.01 0.97 1.02 2.02 
CKQ-Ca 72 M 
 2.01  0.97 0.96 0.98 1.01 0.98 1.01 2.16 
CG-Sol-Bi-Ca 52 M 
 2.01  0.98 0.98 0.98 0.98 0.97 0.98 2.25 
BS-Qz 70 M 
 2.07  0.99 0.96 1.05 1.18 1.03 1.02 2.83 
ZL-Qz-4 25 M 
 1.74  0.98 1.02 1.03 1.05 0.99 1.00 2.20 
ZL-Qz-1 22 M 
 2.21  0.98 0.98 1.00 1.03 0.98 1.03 6.89 
KQ2-Qz-2 27 M 
 2.52  1.09 1.22 1.04 0.00 1.03 0.98 9.40 
ZL-Qz-3 24 M 
 1.88  0.99 1.07 1.06 1.04 0.98 1.01 2.51 
KQ1-Qz 69 M 
 2.13  0.92 0.96 1.00 1.04 0.98 1.00 2.54 
MQ-Bi-Ca 48 M 
 2.24  0.98 0.93 0.96 1.02 0.98 1.00 6.96 
CQ-Bi-Ca 30 M 
 1.97  0.99 0.69 0.67 0.00 0.98 1.03 28.42 
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    O E P   I S O  v a l u e s   aromatic para. 
Name Plot-# Group  OEP 1 OEP 2  ISO 1 ISO 2 ISO 3 ISO 4 ISO 5  MNR Rc MNR 
KQ6-Ca 63 A 
 1.03 0.92  0.58 0.28 2.10 0.20 1.50  .55 1.08 
KQ2-Qz-1 17 A 
 1.05 0.97  0.62 0.26 2.40 0.18 1.60  .48 1.07 
HQsl-Bi-Ca 33 A 
 1.04 0.97  0.72 0.29 2.46 0.29 1.64  .53 0.91 
CB-Ca-1 19 A 
 1.04 1.33  0.68 0.55 1.24 0.25 1.30  .05 1.00 
KL-Ca-h-1  92 A 
 0.99 0.94  0.73 0.41 1.80 0.34 1.45  .99 0.99 
KQ8-Qz-1  85 A 
 1.06 0.91  0.46 0.30 1.53 0.06 1.52  .94 0.98 
SVJ1-Ca 51 A 
 1.07 0.90  0.71 0.36 1.97 0.31 1.52  .86 0.97 
KL-Ca-d-1  90 A 
 1.05 0.96  0.79 0.45 1.75 0.34 1.48  .94 0.98 
KQ9-Qz-1  86 A 
 1.01 0.95  0.33 0.18 1.77 0.13 1.31  .62 0.93 
CB-Ca-2 20 A 
 1.07 0.68  0.67 0.38 1.76 0.13 1.49  .00 0.99 
MQ-Bi-Qz 46 A 
 1.03 0.96  0.30 0.15 1.98 0.11 1.31  .98 0.99 
ZL-Ca-1  84 A 
 1.03 0.77  0.37 0.22 1.71 0.15 1.36  .20 1.02 
KQ3-Qz 41 A 
 0.98 0.88  0.77 0.62 1.25 0.27 1.61  .36 0.88 
ZL-Qz-6  82 A 
 1.10 0.89  0.39 0.28 1.35 0.19 1.23  .89 0.97 
   
            
PDlob-Bi-Ca-2 81 B 
 0.99 0.97  0.35 0.19 1.88 0.23 1.28  .50 1.08 
HQsol-Bi-Ca 34 B 
 1.06 0.98  0.73 0.28 2.57 0.49 1.58  .63 0.93 
SVJ-Bi-Qz 50 B 
 1.05 0.99  0.76 0.35 2.18 0.49 1.47  .70 0.94 
KQ5-Qz 58 B 
 1.06 0.92  0.32 0.19 1.71 0.19 1.32  .81 0.96 
KQ4-Qz 42 B 
 1.05 0.97  0.47 0.23 2.08 0.19 1.34  .51 0.91 
PDfr-Bi-Qz 56 B 
 0.96 0.78  0.50 0.24 2.09 0.34 1.31  .22 1.03 
ZL-Qz-5 26 B 
 1.22 0.92  0.37 0.29 1.30 0.23 1.41  .83 0.96 
MQceph-Bi-Ca 44 B 
 1.04 0.93  0.89 0.49 1.81 0.47 1.46  .82 0.96 
KSQ Qz 40 B 
 0.99 0.69  0.56 0.24 2.32 0.27 0.88  .53 1.08 
PD-Bi-Ca 37 B 
 0.91 0.72  0.66 0.38 1.71 0.34 1.93  .30 1.04 
CQ-CaBi 31 B 
 1.03 0.96  0.40 0.21 1.97 0.16 1.32  .27 1.04 
   
            
PDlob-Bi-Ca-1 53 C 
 1.01 0.97  0.23 0.11 2.04 0.16 1.25  .98 0.99 
KQ2-Ca-1 16 C 
 0.91 0.35  0.59 1.21 0.49 0.02 0.33  .97 0.99 
   
            
CG-Semil-Bi-Ca 45 D 
 1.08 0.94  0.40 0.21 1.95 0.30 1.25  .28 1.04 
DQ-Qz-1 18 D 
 1.03 0.98  0.23 0.35 0.66 0.03 1.04  .41 0.89 
KL-Ca-m-1  91 D 
 1.00 0.96  0.77 0.43 1.79 0.43 1.40  .17 1.02 
SVJ2-Qz 60 D 
 1.01 0.99  0.90 0.50 1.82 0.64 1.30  .72 0.94 
KQ7-Qz 28 D 
 1.13 1.06  0.77 0.54 1.43 0.24 1.54  / / 
ZL-Qz-2 23 D 
 1.21 1.03  0.34 0.18 1.88 0.21 1.36  .03 1.00 
CQ-Bi-Ca 29 D 
 0.97 1.17  0.48 0.34 1.44 0.09 1.49  .90 0.97 
   
            
MQlobBi-Ca 49 E 
 1.13 0.50  0.74 0.61 1.20 0.35 1.70  .80 0.96 
CKQ2-Ca 71 E 
 / /  0.07 0.17 0.40 0.02 2.29  / / 
SVJ1-Bi-Ca 67 E 
 0.44 /  0.43 / / 0.03 8.25  .22 0.86 
SVJ3-Ca-1  88 E 
 / /  0.41 1.00 0.41 0.09 1.50  / / 
DQ-1-SD-1  87 E 
 1.32 /  0.33 0.41 0.81 0.07 1.10  / / 
VCS-Bi-Ca-2 39 E 
 / /  0.46 0.59 0.78 0.12 3.16  .94 1.32 
MKQ-Ca-1 62 E 
 / /  1.06 0.00 / 0.14 6.60  / / 
CQ-E46167 32 E 
 / 1.50  1.71 1.03 1.67 0.59 2.85  .52 0.91 
VCS2-Ca-1 64 E 
 0.13 /  2.00 / / 0.05 3.00  .13 0.84 
DQ-Ca 59 E 
 0.00 0.00  3.00 / / 0.12 16.00  .00 1.33 
MKQ-Ca-2 68 E 
 0.85 /  0.53 0.83 0.63 0.07 1.32  .44 0.89 
LS-Ca 43 E 
 / /  0.19 0.33 0.56 0.06 4.75  .00 0.82 
KSQ Ca-1  89 E 
 / /  / / / / /  / / 
VCS-Bi-Ca 38 E 
 / 0.08  0.78 / / 0.06 /  .70 0.94 
   
            
CG-Semil-Bi-Qz 61 M 
 1.00 0.96  0.35 0.20 1.75 0.25 1.20  .08 1.00 
CKQ-Ca 72 M 
 1.01 0.96  0.25 0.14 1.83 0.18 1.21  .97 0.99 
CG-Sol-Bi-Ca 52 M 
 0.97 0.97  0.40 0.22 1.82 0.30 1.27  .00 0.99 
BS-Qz 70 M 
 1.08 0.97  0.79 0.44 1.82 0.41 1.42  .69 0.94 
ZL-Qz-4 25 M 
 1.17 0.97  0.45 0.29 1.53 0.32 1.27  .90 0.97 
ZL-Qz-1 22 M 
 1.07 0.96  0.38 0.20 1.93 0.20 1.32  .21 1.03 
KQ2-Qz-2 27 M 
 1.08 1.11  0.76 0.37 2.06 0.22 1.57  .53 0.91 
ZL-Qz-3 24 M 
 1.16 0.99  0.45 0.27 1.64 0.23 1.30  .06 1.00 
KQ1-Qz 69 M 
 1.02 0.97  0.22 0.12 1.81 0.07 1.28  .94 0.98 
MQ-Bi-Ca 48 M 
 0.96 0.95  0.35 0.18 1.97 0.18 1.30  .04 1.00 
CQ-Bi-Ca 30 M 
 0.98 0.83  0.39 0.24 1.64 0.09 1.35  .30 1.04 
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J. Absolute amount of hydrocarbons 
 
 
Aliphatic compounds in extracts of possible source rocks (µg/g extract) 
E-
Number 
46142 46143 46146 47100 47101 47103 47106 47111 47114 47117 47642 47657 47661 47666 
n-C12 1315 736 290 3082 2161 2815 1327 26 104 8 24 165 84 / 
n-C13 2481 1836 1294 4786 2841 3538 2275 64 161 17 69 192 206 7 
n-C14 3462 3010 1969 5837 3185 3725 3105 130 308 39 113 197 242 27 
n-C15 4739 4574 2786 6963 3665 3801 3979 196 410 55 149 199 319 56 
n-C16 5204 5459 3202 7574 3919 3754 4480 345 875 111 163 179 403 68 
n-C17 5757 6678 3317 7951 4149 3517 4672 548 1302 188 184 165 465 67 
n-C18 5673 7688 4033 8596 4250 3467 4753 1479 3977 764 190 140 471 58 
n-C19 5572 8677 3344 7715 4526 2814 4677 1584 3176 936 208 119 506 68 
n-C20 5275 8857 2962 6995 3359 2380 3413 1990 3711 1635 203 100 566 99 
n-C21 5156 8584 2565 6064 2934 1794 2639 2092 3766 3633 196 84 655 133 
n-C22 4899 8225 2617 5443 2656 1462 2310 2279 4043 5434 184 70 693 160 
n-C23 4080 7268 2587 4643 2349 1060 1914 1968 3683 3631 172 57 680 152 
n-C24 3195 6197 1965 3713 2026 788 1281 1509 2812 1927 157 46 603 134 
n-C25 2530 5469 1439 2928 1822 591 870 1099 1610 885 143 36 532 115 
n-C26 1958 5260 1062 2405 1553 461 646 760 1142 519 129 29 460 109 
n-C27 1505 4043 843 1876 1245 339 452 505 666 270 112 23 363 84 
n-C28 1214 3793 657 1643 1156 275 390 442 479 207 91 18 317 79 
n-C29 1082 3415 616 1549 1017 228 292 411 410 206 92 17 276 76 
n-C30 824 2758 391 1320 852 183 247 302 329 140 66 11 208 56 
n-C31 698 2377 327 1219 760 173 206 350 405 172 60 11 168 51 
n-C32 596 2275 247 1075 712 190 270 430 488 191 48 9 134 40 
n-C33 502 1833 254 904 559 222 186 546 537 166 48 9 111 39 
n-C34 448 1309 184 701 418 153 134 591 496 190 34 6 86 29 
n-C35 375 948 171 504 305 193 96 586 386 154 29 6 70 22 
n-C36 268 645 159 349 211 99 83 542 380 94 22 6 49 19 
n-C37 253 477 135 262 174 81 67 471 289 46 17 2 38 17 
n-C38 185 340 108 183 99 70 34 363 126 59 13 / 27 11 
n-C39 145 278 107 146 116 100 47 291 185 59 14 / 30 16 
n-C40 127 240 80 118 72 / 29 238 122 40 14 / 18 11 
n-C41 98 190 96 95 61 / / 176 99 46 10 / 19 8 
n-C42 84 122 62 74 51 / / 119 / / 9 / 14 8 
n-C43 / 109 83 62 / / / 85 / / 5 / 13 6 
 
              
Pr 1420 5440 1548 2461 2380 904 1077 235 615 109 89 21 124 34 
Ph 801 3920 1020 1965 1413 663 1204 480 1249 251 51 13 104 28 
 
              
6 71921 23030 42521 01200 56995 39841 47153 23232 38341 22182 3108 1930 9054 1887 
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Aliphatic compounds in bitumen extracts (µg/g extract) 
E-Number 46147 46148 46149 46150 46151 46152 46153 46156 46157 46158 46159 46160 46161 46162 46163 46166 46167 46168 46169 46170 46171 46172 46173 46174 46175 46176 
n-C12 117 77 42 179 11 368 35 330 574 99 167 / 1005 287 176 64 42 24 / / 2458 / / 21 201 288 
n-C13 338 116 84 564 37 1101 77 984 851 323 371 31 2265 529 265 313 506 86 / / 4328 234 713 66 603 574 
n-C14 594 236 153 1111 87 2098 118 1564 906 725 738 107 3826 774 321 924 2168 199 25 13737 5827 899 1609 145 1269 645 
n-C15 999 472 235 1866 185 2994 254 2170 1192 1301 1370 327 5892 1041 421 2124 5713 439 34 15650 7446 1922 3537 349 2219 863 
n-C16 1507 720 309 2374 256 3826 298 2322 1161 1817 2027 525 7078 1206 516 3855 9619 743 72 15239 8428 2876 5143 670 3005 959 
n-C17 2043 1006 409 2746 322 4370 422 2363 1470 2280 2693 684 7368 1232 627 6224 13315 1155 376 15362 8988 3852 6416 853 3520 1075 
n-C18 2543 1431 633 3216 406 4854 624 2359 1495 2342 3974 836 7198 1397 614 8028 15482 1539 439 14123 10311 5263 7056 1040 4118 1162 
n-C19 2814 1922 670 3711 427 5864 1071 2680 1492 3036 6725 1162 7637 1556 573 10366 13751 2196 500 13232 11464 10221 7398 1317 4750 1375 
n-C20 2227 1546 592 3430 396 5337 591 1861 1229 2469 4985 1589 6589 1364 457 10027 10378 1901 326 11524 10141 20350 7246 1141 4053 989 
n-C21 1905 1499 525 3179 331 5147 464 1530 1029 2269 4530 2256 5871 1265 390 10849 7929 1881 247 10784 9461 34993 6421 1129 3846 724 
n-C22 1833 1488 534 2901 386 5693 441 1363 960 2167 4293 3454 5418 1207 327 13714 6452 1790 205 8953 8573 48936 5725 1126 3549 712 
n-C23 1710 1497 512 2819 465 8147 461 1253 955 2197 3732 5193 5115 1252 283 18686 5248 2009 167 6723 8062 57264 4996 1113 3381 703 
n-C24 1441 1322 422 2506 363 10743 375 1116 622 2031 2812 7414 4712 1228 214 22984 4226 1564 108 5285 7120 58174 4007 1113 2859 541 
n-C25 1319 1424 442 2315 371 12873 582 1117 687 2237 2227 10088 4776 1267 183 26690 3539 1813 126 4127 6620 58901 3447 1276 2479 489 
n-C26 1242 1294 403 2003 327 13343 601 841 470 2008 1426 12198 4155 1277 151 27380 3056 1482 78 3111 6098 57413 2904 1400 2281 366 
n-C27 1099 1006 325 1654 415 11870 473 663 428 1902 1005 12503 3744 1244 121 24932 2475 1329 141 2603 5181 49957 2371 1434 1686 274 
n-C28 1048 1039 326 1610 319 11282 560 619 268 1952 1205 12964 3600 1267 106 23041 2205 1089 61 2193 5101 44892 2069 1553 1559 233 
n-C29 1021 985 340 1469 407 9921 606 539 362 1919 1112 12329 3308 1176 102 20521 1946 1178 190 1551 4461 37760 1758 1660 1263 282 
n-C30 859 878 295 1284 287 8355 576 408 255 1785 883 10655 2855 1034 95 17739 1391 834 67 1471 3878 29637 1417 1773 1139 264 
n-C31 847 768 273 1226 223 7655 614 421 178 1820 853 8918 2590 947 68 16836 1394 978 187 1228 3379 21430 1116 1970 933 136 
n-C32 754 747 217 992 309 6307 607 316 270 1514 818 7214 2273 864 60 14061 1141 594 48 910 3090 15535 921 2031 763 111 
n-C33 726 767 253 924 307 4995 629 403 180 1526 712 5434 2036 724 51 11300 1029 869 64 769 2727 9636 781 2137 686 186 
n-C34 631 825 219 767 288 4079 571 428 167 1388 838 4050 1857 666 47 9152 853 557 29 672 2324 6089 715 1899 555 160 
n-C35 543 805 189 607 281 2882 488 293 95 915 573 2877 1462 566 40 7287 755 496 26 546 1981 4332 479 1671 397 / 
n-C36 443 653 130 445 230 2260 327 159 71 567 580 1840 1173 388 31 5654 432 269 34 462 1661 2261 383 1312 374 / 
n-C37 421 710 127 437 252 1784 322 160 / 511 413 1159 1030 316 28 4793 413 273 / 336 1423 1086 282 1252 243 / 
n-C38 359 656 97 391 181 1175 233 119 / 343 320 792 815 292 21 4007 407 142 / 298 1171 783 293 953 243 / 
n-C39 353 616 88 263 182 919 192 103 / 303 383 505 710 290 22 3440 / 135 / 193 991 776 254 863 / / 
n-C40 320 591 116 159 164 698 132 66 / 209 264 457 576 203 24 2837 / 178 / / 855 / 246 606 / / 
n-C41 308 591 108 276 105 1089 102 / / 228 258 376 444 162 17 2243 / 248 / / 820 / / 524 / / 
n-C42 253 524 91 297 / 648 80 / / 247 / / 364 90 17 1925 / / / / 733 / / 395 / / 
n-C43 179 438 113 / / 485 / / / 128 / / 31 / 14 1101 / / / / 638 / / 302 / / 
 
                          
Pr 993 777 284 1222 343 2178 593 1113 1659 2855 3038 595 2473 340 214 2762 3728 1391 135 6959 7063 834 2061 561 2466 958 
Ph 898 712 323 904 194 1428 540 794 670 1266 2669 371 1504 288 128 1868 3195 1074 272 3530 4418 602 1360 417 1707 635 
 
                          
6 34686 30136 9877 49849 8581 166767 14065 30456 19746 48678 57991 128902 111751 27739 6726 337727 122788 30453 3956 166815 167222 586910 83126 36073 56146 14706 
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Appendix M Absolute amount of hydrocarbons 
 
Hydrocarbons extracted in MSSV-type analysis of petroleum inclusions (ng/g XX) 
Sample No PI 
Group 
n2 n3 i4 n4 i5 n5 2M- 
C5 
3M- 
C5 
n6 M-Cy- 
C5 
Benz. Cy- 
C6 
2-M- 
C6 
KQ6-Ca 63 A 0.17 0.31 0.23 0.69 0.58 0.87 0.49 0.30 0.82 0.49 0.02 0.58 0.40 
KQ2-Qz-1 17 A 2.95 4.67 1.77 4.98 3.91 4.09 2.29 1.30 3.32 2.35 0.71 2.82 1.67 
HQsl-Bi-Ca 33 A 3.39 6.97 2.00 6.49 2.41 3.76 1.48 0.95 3.09 2.73 0.85 1.54 0.70 
CB-Ca-1 19 A 2.95 4.86 2.00 7.12 3.53 4.27 2.01 1.18 3.86 1.94 0.52 1.65 1.06 
KL-Ca-h-1  92 A 6.45 9.87 3.20 9.00 4.72 6.54 3.13 1.84 5.19 4.53 1.44 3.42 1.45 
KQ8-Qz-1  85 A 6.42 8.54 2.55 6.61 3.31 4.47 2.20 1.28 3.76 2.41 1.27 2.61 1.34 
SVJ1-Ca 51 A 0.48 0.64 0.27 1.60 1.65 0.62 0.20 0.15 0.48 0.23 0.20 0.21 0.11 
KL-Ca-d-1  90 A 3.30 4.86 1.62 4.43 1.92 2.66 1.31 0.77 2.14 1.93 1.17 1.50 0.71 
KQ9-Qz-1  86 A 21.24 29.02 7.64 21.24 8.07 11.81 4.50 2.61 9.16 7.15 2.70 6.87 2.64 
CB-Ca-2 20 A 0.24 1.35 0.56 2.80 0.85 1.25 0.50 0.33 0.84 0.41 0.62 0.43 0.26 
MQ-Bi-Qz 46 A 23.99 21.70 6.33 13.42 6.16 8.99 3.51 2.02 6.95 3.33 1.09 3.22 1.90 
ZL-Ca-1  84 A 6.34 5.86 1.93 4.32 1.71 2.31 1.04 0.56 1.84 0.95 1.30 0.99 0.58 
KQ3-Qz 41 A 1.49 1.83 0.54 1.71 0.61 0.81 0.38 0.23 0.65 0.39 0.39 0.38 0.21 
ZL-Qz-6  82 A 3.69 3.40 1.07 4.06 2.62 1.48 0.19 0.81 1.10 0.54 1.50 0.64 0.35 
   
             
PDlob-Bi-Ca-2 81 B 2.37 1.84 1.73 2.86 2.01 1.44 1.26 0.79 1.28 0.39 1.10 0.50 0.97 
HQsol-Bi-Ca 34 B 1.46 2.73 1.04 3.87 1.40 2.06 0.86 0.56 1.58 1.39 0.53 0.82 0.41 
SVJ-Bi-Qz 50 B 3.06 3.64 1.16 3.20 1.31 1.94 0.79 0.47 1.75 1.04 0.65 0.97 0.40 
KQ5-Qz 58 B 3.29 4.71 1.17 3.71 1.70 2.07 0.83 0.51 1.52 1.06 1.11 0.81 0.39 
KQ4-Qz 42 B 9.38 12.76 3.12 9.18 3.25 5.36 1.91 1.07 4.03 2.84 0.97 3.06 0.93 
PDfr-Bi-Qz 56 B 1.94 1.46 1.31 1.46 2.34 0.78 0.56 0.32 0.59 0.21 0.77 0.26 0.34 
ZL-Qz-5 26 B 1.41 1.62 0.43 5.20 1.67 0.83 0.53 0.16 0.59 0.20 1.22 0.40 / 
MQceph-Bi-Ca 44 B 3.97 3.71 1.00 3.30 1.05 1.45 0.56 0.35 0.93 0.61 0.93 0.57 0.27 
KSQ Qz 40 B 9.28 6.02 2.78 3.95 2.13 2.14 1.07 0.63 1.62 0.56 0.47 0.64 0.62 
PD-Bi-Ca 37 B 5.48 4.05 2.22 2.46 1.49 1.26 0.73 0.42 0.87 0.31 0.36 0.29 0.45 
CQ-CaBi 31 B 21.50 16.26 4.35 9.36 3.71 4.55 1.80 1.11 3.24 1.48 1.32 1.56 0.92 
   
             
PDlob-Bi-Ca-1 53 C 1.01 1.15 0.81 3.45 3.20 0.91 0.82 0.66 0.87 0.31 2.24 0.37 0.53 
KQ2-Ca-1 16 C 0.95 1.74 0.65 4.45 5.84 1.45 0.75 0.44 0.55 0.29 5.04 0.69 / 
   
             
CG-Semil-Bi-Ca 45 D 0.41 0.64 0.32 2.00 0.62 0.75 0.37 0.30 0.78 0.27 0.75 0.29 0.26 
DQ-Qz-1 18 D 1.40 1.38 0.70 2.53 2.36 0.96 0.77 0.47 0.78 0.28 1.76 0.28 0.30 
KL-Ca-m-1  91 D 2.63 4.35 1.72 4.94 2.62 3.75 2.15 1.27 3.68 2.77 1.78 2.13 1.15 
SVJ2-Qz 60 D 2.41 2.73 0.89 2.84 1.12 1.63 0.64 0.40 1.36 0.81 0.63 0.76 0.34 
KQ7-Qz 28 D 1.03 1.41 0.55 2.66 1.00 1.30 0.80 0.47 1.09 0.66 0.97 0.87 0.42 
ZL-Qz-2 23 D 1.56 1.88 0.71 3.73 0.73 0.90 0.39 0.31 0.64 0.32 1.18 0.66 0.34 
CQ-Bi-Ca 29 D 10.93 8.10 2.07 5.50 1.92 2.17 0.93 0.52 1.39 0.74 1.69 0.68 0.37 
   
             
MQlobBi-Ca 49 E 1.19 1.14 0.32 1.61 1.75 0.62 0.17 0.14 0.30 0.17 0.38 0.18 0.07 
CKQ2-Ca 71 E 0.17 0.19 0.77 / 0.49 0.51 0.07 0.10 0.08 0.01 0.39 0.05 / 
SVJ1-Bi-Ca 67 E 0.07 0.41 1.97 / 1.71 / 0.15 0.24 0.12 0.04 0.56 0.16 / 
SVJ3-Ca-1  88 E 0.14 0.04 0.13 0.99 / 0.47 / / 0.11 / 0.67 / / 
DQ-1-SD-1  87 E 0.89 0.78 / 1.49 / 1.61 0.28 / 0.32 0.16 1.05 0.15 / 
VCS-Bi-Ca-2 39 E 0.22 1.08 / 3.41 0.72 0.66 0.16 0.19 0.24 0.16 0.83 0.15 / 
MKQ-Ca-1 62 E 0.67 0.09 / 0.05 / 0.43 0.15 0.04 0.07 0.14 0.01 / / 
CQ-E46167 32 E 1.82 1.24 0.46 6.89 2.73 0.58 0.31 0.22 0.46 0.13 1.41 0.19 / 
VCS2-Ca-1 64 E 0.02 0.08 0.93 / 0.51 0.27 0.05 0.05 0.09 0.02 0.29 0.11 / 
DQ-Ca 59 E 0.26 0.10 1.60 / 0.58 0.35 0.04 0.05 0.09 0.01 0.36 0.02 / 
MKQ-Ca-2 68 E 0.25 0.25 0.10 3.01 3.38 / 0.23 0.17 0.16 0.12 0.72 0.15 / 
LS-Ca 43 E 0.02 0.09 1.01 / 0.27 0.18 0.06 0.07 0.04 0.02 0.17 0.09 / 
KSQ Ca-1  89 E 0.08 0.02 0.05 1.07 / 0.30 0.06 / 0.06 / 1.23 / / 
VCS-Bi-Ca 38 E 0.03 0.29 1.08 / 0.58 / 0.05 0.05 0.06 0.04 0.14 0.04 / 
   
             
CG-Semil-Bi-Qz 61 M 1.50 1.72 0.63 2.20 0.79 1.27 0.51 0.32 1.04 0.48 0.95 0.46 0.33 
CKQ-Ca 72 M 2.29 3.79 1.81 4.55 2.02 2.96 1.14 0.73 2.46 1.40 1.34 1.35 0.53 
CG-Sol-Bi-Ca 52 M 0.84 1.19 0.48 2.58 9.05 1.02 0.42 0.35 0.77 0.30 0.86 0.34 0.28 
BS-Qz 70 M 12.35 19.49 4.69 15.70 5.94 9.03 3.33 2.13 5.64 5.55 2.06 3.71 1.51 
ZL-Qz-4 25 M 2.38 2.16 0.78 3.31 0.99 1.09 0.41 0.33 0.77 0.37 1.21 0.56 0.30 
ZL-Qz-1 22 M 6.94 6.06 1.86 5.18 1.91 2.66 1.22 0.74 2.16 1.12 0.98 1.34 0.85 
KQ2-Qz-2 27 M 3.48 4.97 1.64 5.01 2.18 2.72 1.37 0.82 2.14 1.74 0.99 2.04 0.75 
ZL-Qz-3 24 M 3.48 3.17 1.10 4.45 1.14 1.42 0.58 0.42 1.05 0.61 0.73 0.82 0.47 
KQ1-Qz 69 M 29.69 27.14 5.43 17.07 4.79 8.97 2.88 1.56 6.80 3.18 3.28 2.95 1.56 
MQ-Bi-Ca 48 M 21.15 18.78 5.35 11.79 6.71 7.06 2.82 1.64 5.62 2.59 1.01 2.53 1.41 
CQ-Bi-Ca 30 M 22.18 16.80 4.49 9.13 3.63 4.55 1.79 1.05 3.18 1.50 1.32 1.50 0.87 
 
242 Absolute amounts of hydrocarbons  
 
 
Hydrocarbons extracted in MSSV-type analysis of petroleum inclusions (ng/g XX) ff. 
Sample No PI 
Group 
1,3-cis- 
DM-Cy-C5 
n7 M-Cy- 
C6 
1,1,3-TRM- 
Cy-C5 +2,2-DM-C6 
Tol. n8 
KQ6-Ca 63 A 0.16 1.36 5.01 / 0.04 1.87 
KQ2-Qz-1 17 A 0.76 5.44 6.66 / 0.67 9.27 
HQsl-Bi-Ca 33 A 1.03 3.16 3.95 / 0.47 3.60 
CB-Ca-1 19 A 0.63 4.07 3.93 / 0.76 4.01 
KL-Ca-h-1  92 A 1.63 5.60 7.71 1.29 0.94 6.70 
KQ8-Qz-1  85 A 0.60 4.17 4.72 0.53 1.08 5.27 
SVJ1-Ca 51 A 0.07 0.46 0.47 / 0.13 0.49 
KL-Ca-d-1  90 A 0.70 2.25 3.33 0.58 0.36 2.79 
KQ9-Qz-1  86 A 2.15 9.39 12.98 1.86 3.08 9.92 
CB-Ca-2 20 A 0.15 1.05 0.95 / 0.29 0.91 
MQ-Bi-Qz 46 A 0.83 6.76 7.40 / 2.29 6.64 
ZL-Ca-1  84 A 0.31 1.85 2.24 0.30 0.59 1.88 
KQ3-Qz 41 A 0.11 0.60 0.85 / 0.14 0.53 
ZL-Qz-6  82 A 0.16 1.19 1.32 0.20 0.74 1.39 
   
      
PDlob-Bi-Ca-2 81 B 0.14 1.60 1.45 / 0.47 2.26 
HQsol-Bi-Ca 34 B 0.58 1.67 2.16 / 0.17 1.89 
SVJ-Bi-Qz 50 B 0.28 1.96 2.10 / 0.45 2.21 
KQ5-Qz 58 B 0.38 1.68 1.82 / 0.33 1.76 
KQ4-Qz 42 B 0.80 3.99 5.64 / 1.24 4.03 
PDfr-Bi-Qz 56 B 0.05 0.53 0.75 / 0.29 0.47 
ZL-Qz-5 26 B / 0.52 0.50 / 0.55 0.99 
MQceph-Bi-Ca 44 B 0.20 0.84 1.15 / 0.31 0.81 
KSQ Qz 40 B 0.14 1.51 1.64 / 0.57 1.41 
PD-Bi-Ca 37 B 0.07 0.85 0.85 / 0.35 0.64 
CQ-CaBi 31 B 0.34 2.88 3.41 / 1.36 2.55 
   
      
PDlob-Bi-Ca-1 53 C 0.08 1.06 0.93 / 0.63 1.09 
KQ2-Ca-1 16 C / 1.01 0.43 / 0.83 1.22 
   
      
CG-Semil-Bi-Ca 45 D 0.11 0.96 0.72 / 0.10 1.13 
DQ-Qz-1 18 D 0.11 0.74 0.61 / 0.28 0.74 
KL-Ca-m-1  91 D 1.15 4.22 5.57 0.95 0.45 4.93 
SVJ2-Qz 60 D 0.24 1.58 1.60 / 0.35 1.73 
KQ7-Qz 28 D 0.22 1.24 1.93 / 0.20 1.47 
ZL-Qz-2 23 D 0.12 0.71 0.18 / 0.27 0.73 
CQ-Bi-Ca 29 D 0.18 1.15 1.42 / 0.54 1.00 
   
      
MQlobBi-Ca 49 E 0.05 0.24 0.31 / 0.21 0.27 
CKQ2-Ca 71 E / 0.11 0.01 / 0.08 0.06 
SVJ1-Bi-Ca 67 E / 0.18 0.06 / 0.10 0.11 
SVJ3-Ca-1  88 E / 0.08 / / / 0.08 
DQ-1-SD-1  87 E / 0.42 0.21 0.05 0.18 0.26 
VCS-Bi-Ca-2 39 E / 0.18 0.25 / 0.24 0.25 
MKQ-Ca-1 62 E / 0.06 0.01 / 0.02 0.06 
CQ-E46167 32 E / 0.67 0.30 / 0.57 0.31 
VCS2-Ca-1 64 E / 0.05 0.02 / 0.06 0.03 
DQ-Ca 59 E / 0.09 0.02 / 0.07 0.03 
MKQ-Ca-2 68 E / 0.18 0.12 / 0.13 0.10 
LS-Ca 43 E / 0.09 0.04 / 0.06 0.03 
KSQ Ca-1  89 E / / / / / / 
VCS-Bi-Ca 38 E / 0.10 0.06 / 0.07 0.06 
   
      
CG-Semil-Bi-Qz 61 M 0.15 1.16 1.03 / 0.25 1.30 
CKQ-Ca 72 M 0.45 2.51 2.81 / 0.57 2.60 
CG-Sol-Bi-Ca 52 M 0.11 0.96 0.74 / 0.18 1.06 
BS-Qz 70 M 1.82 5.18 7.93 / 1.40 5.63 
ZL-Qz-4 25 M 0.14 0.79 0.96 / 0.30 0.87 
ZL-Qz-1 22 M 0.35 2.39 2.92 / 0.69 2.63 
KQ2-Qz-2 27 M 0.41 2.41 3.78 / 0.55 2.54 
ZL-Qz-3 24 M 0.21 1.13 1.48 / 0.36 1.24 
KQ1-Qz 69 M 0.93 7.37 6.37 / 1.49 9.06 
MQ-Bi-Ca 48 M 0.69 5.23 5.69 / 1.65 5.31 
CQ-Bi-Ca 30 M 0.37 2.79 3.22 / 1.23 2.43 
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Appendix M Absolute amount of hydrocarbons 
 
Hydrocarbons extracted in MSSV-type analysis of petroleum inclusions (ng/g XX) ff. 
Sample No PI 
Group 
Ethyl- 
benz. 
m+p-  
Xyl 
Styr. o-Xyl n9 n10 n11 N n12 IP13 2-MN IP14 
KQ6-Ca 63 A 0.25 0.24 0.27 0.10 1.98 1.71 1.85 0.07 1.47 0.31 0.07 0.34 
KQ2-Qz-1 17 A 1.59 1.97 1.81 0.99 11.05 9.57 10.15 0.50 8.06 2.08 0.38 1.80 
HQsl-Bi-Ca 33 A 0.72 0.41 0.45 0.40 3.57 3.29 4.11 0.18 2.90 0.52 0.12 0.57 
CB-Ca-1 19 A 0.38 0.34 0.62 0.47 3.61 3.00 3.22 0.14 2.49 0.77 0.10 0.65 
KL-Ca-h-1  92 A 1.53 1.02 1.37 1.01 7.70 7.24 9.30 0.64 7.84 2.44 0.48 2.49 
KQ8-Qz-1  85 A 0.72 1.08 1.59 0.80 8.18 8.58 8.34 0.33 6.09 1.41 0.39 1.11 
SVJ1-Ca 51 A 0.06 0.06 0.08 0.05 0.55 0.55 0.58 0.03 0.52 0.12 0.03 0.16 
KL-Ca-d-1  90 A 0.61 0.16 0.62 0.43 3.21 3.08 3.48 0.24 2.96 0.92 0.21 0.87 
KQ9-Qz-1  86 A 1.53 1.12 1.39 1.69 9.71 8.04 8.28 0.61 7.29 1.37 0.46 1.50 
CB-Ca-2 20 A 0.14 0.11 0.17 0.11 0.84 0.59 0.61 0.04 0.45 0.14 0.03 0.14 
MQ-Bi-Qz 46 A 0.63 0.33 1.12 1.09 6.25 5.34 5.64 0.28 4.47 0.98 0.23 0.87 
ZL-Ca-1  84 A 0.32 0.27 0.41 0.34 1.78 1.50 1.58 0.12 1.39 0.46 0.11 0.44 
KQ3-Qz 41 A 0.07 0.08 0.09 0.11 0.47 0.39 0.39 0.03 0.29 0.06 0.03 0.10 
ZL-Qz-6  82 A 0.23 0.76 0.35 0.27 1.21 1.06 1.12 0.13 1.03 0.35 0.08 0.32 
   
            
PDlob-Bi-Ca-2 81 B 0.08 0.12 0.87 0.22 2.56 2.56 2.60 0.20 2.47 1.02 0.22 0.85 
HQsol-Bi-Ca 34 B 0.41 0.20 0.23 0.20 1.88 1.69 2.15 0.07 1.52 0.31 0.07 0.31 
SVJ-Bi-Qz 50 B 0.25 0.19 0.32 0.30 2.37 2.31 2.44 0.09 2.18 0.54 0.09 0.64 
KQ5-Qz 58 B 0.31 0.17 0.29 0.20 1.71 1.58 1.82 0.07 1.49 0.38 0.07 0.30 
KQ4-Qz 42 B 0.60 0.31 0.54 0.74 3.77 3.11 3.31 0.15 2.34 0.42 0.11 0.41 
PDfr-Bi-Qz 56 B 0.05 0.07 0.18 0.10 0.46 0.46 0.54 0.05 0.56 0.46 0.10 0.44 
ZL-Qz-5 26 B 0.18 0.42 0.27 0.17 0.50 0.51 0.69 0.10 0.69 0.44 0.07 0.33 
MQceph-Bi-Ca 44 B 0.14 0.14 0.17 0.16 0.79 0.68 0.71 0.05 0.59 0.26 0.04 0.27 
KSQ Qz 40 B 0.09 0.19 0.31 0.17 1.26 1.10 1.09 0.06 0.97 0.32 0.05 0.23 
PD-Bi-Ca 37 B 0.06 0.04 0.22 0.09 0.64 0.62 0.67 0.05 0.59 0.25 0.08 0.21 
CQ-CaBi 31 B 0.16 0.52 0.46 0.52 2.27 1.97 1.95 0.11 1.72 0.44 0.08 0.32 
   
            
PDlob-Bi-Ca-1 53 C 0.05 0.04 0.34 0.24 1.06 1.06 1.29 0.26 2.50 3.13 0.72 3.38 
KQ2-Ca-1 16 C 0.26 0.35 0.11 0.25 1.19 0.79 0.92 0.05 0.92 0.15 0.12 0.28 
   
            
CG-Semil-Bi-Ca 45 D 0.11 0.12 0.22 0.09 1.30 1.33 1.53 0.08 1.38 0.31 0.06 0.31 
DQ-Qz-1 18 D 0.10 0.08 0.25 0.14 0.70 0.80 0.88 0.06 0.85 0.09 0.04 0.06 
KL-Ca-m-1  91 D 0.90 0.69 1.19 0.63 5.59 5.44 7.03 0.52 6.14 2.18 0.50 2.06 
SVJ2-Qz 60 D 0.19 0.13 0.24 0.21 1.85 1.80 2.11 0.08 1.71 0.46 0.08 0.57 
KQ7-Qz 28 D 0.28 0.25 0.25 0.23 1.44 1.12 1.15 0.05 0.87 0.20 0.07 0.24 
ZL-Qz-2 23 D 0.10 0.05 0.13 0.10 0.69 0.73 1.06 0.10 1.00 0.56 0.09 0.44 
CQ-Bi-Ca 29 D 0.10 0.11 0.20 0.22 0.83 0.67 0.62 0.03 0.54 0.14 0.04 0.15 
   
            
MQlobBi-Ca 49 E 0.06 0.04 0.07 0.06 0.27 0.17 0.21 0.02 0.17 0.09 0.02 0.10 
CKQ2-Ca 71 E 0.04 0.02 / 0.02 0.06 0.04 0.04 / 0.03 0.01 / 0.01 
SVJ1-Bi-Ca 67 E 0.11 0.22 0.09 0.10 0.08 0.05 0.03 0.02 0.02 0.02 0.01 0.05 
SVJ3-Ca-1  88 E / / / / 0.06 0.05 0.04 / 0.04 / / / 
DQ-1-SD-1  87 E / / / / 0.24 0.19 0.16 / 0.13 / / / 
VCS-Bi-Ca-2 39 E 0.06 0.05 0.07 0.09 0.20 0.15 0.19 0.02 0.12 0.04 0.05 / 
MKQ-Ca-1 62 E 0.02 0.03 0.01 0.06 0.05 0.01 0.03 0.04 0.01 / / / 
CQ-E46167 32 E 0.14 0.42 / 0.14 0.13 0.15 0.26 / 0.13 0.16 0.06 0.27 
VCS2-Ca-1 64 E 0.01 0.02 0.03 0.01 0.02 0.02 0.01 / / / / 0.01 
DQ-Ca 59 E 0.05 0.05 0.03 0.03 0.02 0.02 0.01 / 0.01 0.01 0.01 / 
MKQ-Ca-2 68 E 0.04 0.15 / 0.07 0.07 0.05 0.04 / 0.03 0.01 0.01 0.02 
LS-Ca 43 E 0.02 0.01 0.02 0.02 0.02 0.01 0.02 / 0.01 / / / 
KSQ Ca-1  89 E / / / / / / / / / / / / 
VCS-Bi-Ca 38 E 0.02 0.01 0.02 0.03 0.04 0.02 0.03 / 0.02 0.01 0.01 0.02 
   
            
CG-Semil-Bi-Qz 61 M 0.10 0.09 0.19 0.14 1.38 1.42 1.64 0.08 1.44 0.31 0.08 0.31 
CKQ-Ca 72 M 0.27 0.21 0.31 0.32 2.44 2.20 2.51 0.12 2.28 0.39 0.11 0.40 
CG-Sol-Bi-Ca 52 M 0.12 0.09 0.22 0.12 1.15 1.07 1.20 0.07 1.07 0.24 0.06 0.26 
BS-Qz 70 M 1.41 0.79 1.28 1.35 5.61 4.89 6.43 0.45 4.94 1.90 0.34 1.99 
ZL-Qz-4 25 M 0.15 0.10 0.21 0.15 0.82 0.82 1.04 0.07 0.88 0.36 0.06 0.29 
ZL-Qz-1 22 M 0.37 0.15 0.53 0.41 2.80 2.59 3.01 0.20 2.57 0.83 0.15 0.72 
KQ2-Qz-2 27 M 0.40 0.41 0.36 0.49 2.40 1.71 1.95 0.08 1.20 0.29 0.07 0.35 
ZL-Qz-3 24 M 0.16 0.09 0.23 0.19 1.16 1.08 1.27 0.07 1.01 0.32 0.06 0.28 
KQ1-Qz 69 M 1.00 0.79 1.29 0.82 10.06 8.80 8.79 0.38 6.90 1.06 0.30 0.95 
MQ-Bi-Ca 48 M 0.59 0.34 1.02 0.84 5.10 4.43 4.91 0.30 4.22 1.12 0.26 1.11 
CQ-Bi-Ca 30 M 0.20 0.17 0.41 0.47 2.09 1.72 1.63 0.07 1.35 0.32 0.06 0.23 
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Hydrocarbons extracted in MSSV-type analysis of petroleum inclusions (ng/g XX) ff. 
Sample No PI 
Group 
1-MN n13 IP15 n14 IP16 n15 n16 IP18 n17 Pr n18 Ph n19 
KQ6-Ca 63 A 0.05 1.46 0.30 1.37 0.53 1.29 1.03 0.38 0.97 0.57 0.80 0.22 0.78 
KQ2-Qz-1 17 A 0.26 7.35 1.90 6.78 2.94 6.09 5.20 1.93 4.86 3.00 3.90 1.00 3.81 
HQsl-Bi-Ca 33 A 0.23 3.09 0.70 2.85 1.10 2.82 2.44 1.13 2.48 1.78 2.01 0.59 2.21 
CB-Ca-1 19 A 0.09 2.41 0.73 2.36 0.97 2.13 1.85 0.84 1.72 1.17 1.44 0.79 1.46 
KL-Ca-h-1  92 A 0.48 7.84 2.38 6.47 2.85 6.48 5.85 2.96 5.77 4.23 4.90 2.00 5.52 
KQ8-Qz-1  85 A 0.41 4.79 1.33 3.52 1.15 2.78 1.94 0.71 1.62 0.74 1.19 0.36 1.10 
SVJ1-Ca 51 A 0.04 0.48 0.19 0.49 0.22 0.42 0.38 0.19 0.36 0.25 0.30 0.11 0.27 
KL-Ca-d-1  90 A 0.23 2.93 0.95 2.58 1.19 2.50 2.08 1.08 1.99 1.58 1.67 0.75 1.69 
KQ9-Qz-1  86 A 0.74 7.26 1.81 6.04 1.93 5.84 5.29 1.75 5.20 1.71 4.43 0.82 4.55 
CB-Ca-2 20 A 0.03 0.43 0.14 0.37 0.15 0.32 0.24 0.13 0.24 0.16 0.19 0.07 0.15 
MQ-Bi-Qz 46 A 0.23 4.41 0.91 3.94 1.18 3.79 3.43 1.08 3.32 0.99 2.85 0.43 2.84 
ZL-Ca-1  84 A 0.09 1.40 0.40 1.29 0.53 1.22 1.10 0.45 1.00 0.37 0.83 0.18 0.77 
KQ3-Qz 41 A 0.08 0.35 0.17 0.30 0.13 0.27 0.23 0.13 0.24 0.19 0.16 0.10 0.15 
ZL-Qz-6  82 A 0.09 1.05 0.35 1.02 0.45 0.98 0.89 0.42 0.82 0.32 0.72 0.20 0.81 
   
             
PDlob-Bi-Ca-2 81 B 0.15 2.92 1.00 3.56 1.75 3.31 2.83 1.72 3.18 1.13 2.83 0.53 3.15 
HQsol-Bi-Ca 34 B 0.11 1.88 0.50 2.28 0.85 2.31 2.12 0.84 2.31 1.69 1.97 0.56 2.22 
SVJ-Bi-Qz 50 B 0.12 2.37 0.85 2.47 1.21 2.59 2.41 1.16 2.37 1.79 2.10 0.73 2.17 
KQ5-Qz 58 B 0.09 1.65 0.41 1.92 0.67 1.99 1.71 0.60 1.60 0.51 1.35 0.25 1.26 
KQ4-Qz 42 B 0.21 2.29 0.67 2.25 0.78 2.15 2.15 0.79 2.33 1.10 2.09 0.47 2.14 
PDfr-Bi-Qz 56 B 0.08 0.72 0.35 0.79 0.52 0.84 0.76 0.37 0.79 0.39 0.73 0.18 0.73 
ZL-Qz-5 26 B 0.08 0.81 0.37 1.20 0.47 0.96 0.86 0.32 0.93 0.35 0.70 0.20 0.71 
MQceph-Bi-Ca 44 B 0.05 0.59 0.31 0.64 0.42 0.58 0.55 0.37 0.57 0.51 0.50 0.24 0.52 
KSQ Qz 40 B 0.03 0.94 0.19 0.87 0.30 0.75 0.77 0.59 1.47 0.82 2.09 0.50 2.45 
PD-Bi-Ca 37 B 0.06 0.68 0.24 0.63 0.36 0.65 0.51 0.32 0.51 0.34 0.32 0.12 0.27 
CQ-CaBi 31 B 0.07 1.67 0.40 1.68 0.62 1.59 1.45 0.51 1.40 0.57 1.23 0.25 1.20 
   
             
PDlob-Bi-Ca-1 53 C 0.73 9.44 4.33 17.30 8.20 22.76 23.13 8.02 23.52 5.38 20.75 2.33 19.04 
KQ2-Ca-1 16 C 0.12 0.81 0.30 1.05 0.43 0.84 0.91 0.20 0.69 0.41 1.50 1.81 0.83 
   
             
CG-Semil-Bi-Ca 45 D 0.05 1.46 0.34 1.47 0.56 1.51 1.48 0.53 1.53 0.62 1.43 0.29 1.52 
DQ-Qz-1 18 D 0.09 0.60 0.12 0.68 0.12 0.57 0.52 0.11 0.53 0.12 0.46 0.16 0.43 
KL-Ca-m-1  91 D 0.42 6.54 1.96 5.65 2.64 5.89 5.21 2.72 5.22 4.01 4.59 1.98 5.32 
SVJ2-Qz 60 D 0.10 1.80 0.81 1.93 1.24 2.05 2.20 1.32 2.66 2.40 2.60 1.29 2.88 
KQ7-Qz 28 D / 0.86 0.26 0.93 0.48 0.75 0.57 0.36 0.60 0.47 0.45 0.24 0.50 
ZL-Qz-2 23 D 0.09 1.17 0.42 1.63 0.62 1.60 1.45 0.49 1.42 0.48 1.18 0.22 1.09 
CQ-Bi-Ca 29 D 0.04 0.53 0.16 0.52 0.17 0.48 0.40 0.15 0.36 0.18 0.27 0.09 0.22 
   
             
MQlobBi-Ca 49 E 0.03 0.20 0.09 0.18 0.12 0.17 0.15 0.10 0.17 0.12 0.11 0.07 0.09 
CKQ2-Ca 71 E / 0.03 0.01 0.03 0.01 0.02 0.01 / 0.02 / 0.01 / 0.02 
SVJ1-Bi-Ca 67 E 0.05 0.05 0.02 0.07 0.03 0.12 0.02 0.02 0.02 / / / / 
SVJ3-Ca-1  88 E / 0.04 0.04 0.04 0.02 0.05 0.04 0.02 0.02 0.01 0.01 0.01 0.01 
DQ-1-SD-1  87 E / 0.12 0.04 0.11 0.03 0.09 0.06 0.02 0.05 0.02 0.04 0.02 0.04 
VCS-Bi-Ca-2 39 E 0.02 0.15 0.06 0.14 0.07 0.13 0.09 0.03 0.09 0.04 0.03 0.02 0.02 
MKQ-Ca-1 62 E / / 0.01 0.01 0.01 0.01 0.02 / 0.02 0.02 0.01 / 0.01 
CQ-E46167 32 E 0.12 0.21 0.32 0.30 0.42 0.33 0.15 0.39 0.23 0.39 0.11 0.11 0.15 
VCS2-Ca-1 64 E 0.02 / / / / / / / / / / / / 
DQ-Ca 59 E / 0.01 / / / / / / / 0.01 / / / 
MKQ-Ca-2 68 E 0.02 0.04 0.02 0.04 0.02 0.05 0.02 0.01 0.02 0.01 0.01 0.01 0.02 
LS-Ca 43 E / 0.01 0.01 0.01 0.01 0.01 0.01 / / / / / / 
KSQ Ca-1  89 E / / / / / / / / / / / / / 
VCS-Bi-Ca 38 E 0.01 0.04 0.02 0.04 0.02 0.04 0.02 0.01 0.01 0.01 / / / 
   
             
CG-Semil-Bi-Qz 61 M 0.08 1.57 0.36 1.58 0.61 1.70 1.55 0.54 1.59 0.56 1.50 0.30 1.59 
CKQ-Ca 72 M 0.11 2.68 0.45 2.84 0.84 3.02 2.92 0.84 2.97 0.74 2.70 0.37 2.73 
CG-Sol-Bi-Ca 52 M 0.06 1.15 0.33 1.26 0.49 1.25 1.20 0.46 1.29 0.51 1.16 0.25 1.20 
BS-Qz 70 M 0.50 5.55 2.21 5.63 3.03 5.72 4.69 2.79 4.48 3.55 3.93 1.71 4.03 
ZL-Qz-4 25 M 0.06 0.86 0.38 1.03 0.50 0.96 0.94 0.41 0.94 0.43 0.83 0.24 0.85 
ZL-Qz-1 22 M 0.12 2.47 0.75 2.66 1.14 2.48 2.28 0.81 2.17 0.82 1.89 0.37 1.91 
KQ2-Qz-2 27 M 0.14 1.20 0.44 1.33 0.59 1.25 1.06 0.52 1.05 0.80 0.86 0.32 0.89 
ZL-Qz-3 24 M 0.05 0.95 0.29 1.03 0.43 0.98 0.90 0.35 0.84 0.38 0.73 0.20 0.72 
KQ1-Qz 69 M 0.32 6.71 1.13 6.30 1.50 5.59 4.61 1.13 4.20 0.91 3.58 0.43 3.29 
MQ-Bi-Ca 48 M 0.25 4.51 1.09 4.58 1.59 4.08 3.77 1.33 3.77 1.31 3.31 0.59 3.25 
CQ-Bi-Ca 30 M 0.05 1.17 0.26 1.12 0.38 0.96 0.85 0.34 0.78 0.30 0.65 0.15 0.60 
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Appendix M Absolute amount of hydrocarbons 
 
Hydrocarbons extracted in MSSV-type analysis of petroleum inclusions (ng/g XX) ff. 
Sample No PI 
Group 
n20 n21 n22 n23 n24 n25 n26 n27 n28 n29 n30 n31 n32 
KQ6-Ca 63 A 0.63 0.48 0.38 0.31 0.24 0.19 0.18 0.12 0.07 0.04 0.01 / / 
KQ2-Qz-1 17 A 3.70 3.14 2.78 2.45 1.87 1.69 1.51 1.14 0.85 0.62 0.37 0.18 0.05 
HQsl-Bi-Ca 33 A 1.84 1.46 1.15 0.93 0.70 0.66 0.57 0.43 0.32 0.23 0.08 / / 
CB-Ca-1 19 A 1.27 1.05 0.86 0.83 0.73 0.66 0.59 0.65 0.36 0.51 0.15 0.66 / 
KL-Ca-h-1  92 A 4.72 4.26 3.89 3.46 3.16 2.92 2.82 2.24 1.96 1.54 1.13 0.90 0.67 
KQ8-Qz-1  85 A 0.93 0.62 0.47 0.40 0.29 0.23 0.19 0.10 0.04 / / / / 
SVJ1-Ca 51 A 0.25 0.21 0.19 0.17 0.13 0.11 0.08 0.04 0.01 0.02 0.01 0.01 / 
KL-Ca-d-1  90 A 1.38 1.00 0.77 0.69 0.57 0.44 0.43 0.31 0.20 0.12 0.04 0.01 / 
KQ9-Qz-1  86 A 3.94 3.18 2.55 2.28 2.08 1.87 1.70 1.35 1.16 0.96 0.70 0.50 0.38 
CB-Ca-2 20 A 0.17 0.13 0.09 0.08 0.06 0.03 0.01 / / / / / / 
MQ-Bi-Qz 46 A 2.48 2.02 1.72 1.47 1.12 0.86 0.75 0.55 0.43 0.34 0.25 0.13 0.04 
ZL-Ca-1  84 A 0.56 0.40 0.27 0.19 0.12 0.05 0.02 / / / / / / 
KQ3-Qz 41 A 0.16 0.13 0.12 0.10 0.08 0.07 0.06 0.04 0.03 0.02 0.02 0.02 0.01 
ZL-Qz-6  82 A 0.64 0.51 0.42 0.36 0.22 0.17 0.15 0.09 0.05 0.02 / / / 
   
             
PDlob-Bi-Ca-2 81 B 3.03 2.24 1.81 1.49 1.32 1.22 1.10 0.88 0.72 0.62 0.45 0.30 0.18 
HQsol-Bi-Ca 34 B 1.83 1.54 1.27 1.07 0.76 0.65 0.54 0.36 0.20 0.08 0.02 / / 
SVJ-Bi-Qz 50 B 1.88 1.60 1.34 1.15 0.90 0.86 0.78 0.64 0.53 0.49 0.32 0.21 0.13 
KQ5-Qz 58 B 1.07 0.89 0.74 0.59 0.39 0.38 0.35 0.25 0.21 0.15 0.07 0.06 0.01 
KQ4-Qz 42 B 2.00 1.70 1.41 1.22 0.96 0.87 0.84 0.67 0.53 0.40 0.25 0.15 0.09 
PDfr-Bi-Qz 56 B 0.69 0.50 0.45 0.31 0.20 0.16 0.10 0.03 / / / 0.01 / 
ZL-Qz-5 26 B 0.62 0.51 0.46 0.49 0.30 0.26 0.28 0.20 0.14 0.08 0.03 0.01 0.01 
MQceph-Bi-Ca 44 B 0.50 0.35 0.29 0.26 0.21 0.18 0.20 0.15 0.11 0.07 0.06 0.03 0.01 
KSQ Qz 40 B 1.89 1.37 0.90 0.50 0.23 0.10 0.05 0.01 / / / / / 
PD-Bi-Ca 37 B 0.24 0.18 0.14 0.08 0.05 0.03 0.01 / / / / / / 
CQ-CaBi 31 B 1.01 0.75 0.65 0.55 0.41 0.30 0.24 0.13 0.04 / / / / 
   
             
PDlob-Bi-Ca-1 53 C 19.04 15.70 13.58 12.54 11.54 10.57 10.37 10.10 11.24 12.36 14.78 18.06 21.95 
KQ2-Ca-1 16 C 2.40 1.37 0.97 1.26 1.90 1.46 5.29 3.38 15.08 6.98 56.15 6.31 45.41 
   
             
CG-Semil-Bi-Ca 45 D 1.51 1.33 1.27 1.21 0.97 1.04 1.05 0.93 0.93 0.81 0.69 0.56 0.46 
DQ-Qz-1 18 D 0.47 0.38 0.48 1.44 2.64 3.86 4.79 4.76 4.60 4.41 3.89 3.53 2.77 
KL-Ca-m-1  91 D 4.65 4.12 4.01 3.69 3.50 3.73 3.97 3.46 3.07 2.63 2.13 1.97 1.67 
SVJ2-Qz 60 D 2.58 2.23 2.00 1.68 1.43 1.55 1.36 1.14 0.99 0.99 0.67 0.55 0.43 
KQ7-Qz 28 D 0.56 0.37 0.28 0.32 0.34 0.53 0.94 1.13 0.94 0.67 0.31 0.10 0.04 
ZL-Qz-2 23 D 0.91 0.75 0.60 0.63 0.43 0.47 0.64 0.69 0.53 0.25 0.03 / / 
CQ-Bi-Ca 29 D 0.23 0.20 0.20 0.24 0.45 0.90 1.41 1.45 0.64 0.08 / / / 
   
             
MQlobBi-Ca 49 E 0.09 0.07 0.07 0.06 0.03 0.01 0.01 / / / / / / 
CKQ2-Ca 71 E / / / / / / / / / / / / / 
SVJ1-Bi-Ca 67 E / / / / / / / / / / / / / 
SVJ3-Ca-1  88 E 0.01 0.01 / / / / / / / / / / / 
DQ-1-SD-1  87 E 0.03 0.02 0.01 0.01 / / / / / / / / / 
VCS-Bi-Ca-2 39 E 0.01 / / / / / / / / / / / / 
MKQ-Ca-1 62 E / / / / / / / / / / / / / 
CQ-E46167 32 E 0.06 0.01 / / / / / / / / / / / 
VCS2-Ca-1 64 E / / / / / / / / / / / / / 
DQ-Ca 59 E / / / / / / / / / / / / / 
MKQ-Ca-2 68 E 0.01 0.01 0.01 / / / / / / / / / / 
LS-Ca 43 E / / / / / / / / / / / / / 
KSQ Ca-1  89 E / / / / / / / / / / / / / 
VCS-Bi-Ca 38 E / / / / / / / / / / / / / 
   
             
CG-Semil-Bi-Qz 61 M 1.46 1.31 1.24 1.15 1.05 0.93 0.94 0.83 0.78 0.70 0.61 0.48 0.36 
CKQ-Ca 72 M 2.54 2.20 1.99 1.74 1.50 1.45 1.49 1.34 1.31 1.24 1.16 0.97 0.82 
CG-Sol-Bi-Ca 52 M 1.19 1.01 0.98 0.84 0.77 0.73 0.72 0.62 0.55 0.45 0.36 0.23 0.17 
BS-Qz 70 M 3.70 3.14 3.01 2.83 2.16 2.10 2.01 1.63 1.39 1.39 0.96 0.79 0.65 
ZL-Qz-4 25 M 0.82 0.62 0.57 0.58 0.39 0.41 0.50 0.46 0.40 0.34 0.24 0.14 0.05 
ZL-Qz-1 22 M 1.59 1.23 1.06 0.87 0.57 0.52 0.48 0.39 0.30 0.18 0.04 0.01 0.01 
KQ2-Qz-2 27 M 0.90 0.60 0.50 0.40 0.26 0.29 0.31 0.23 0.07 / / / / 
ZL-Qz-3 24 M 0.64 0.49 0.48 0.48 0.32 0.35 0.44 0.40 0.31 0.22 0.11 0.03 / 
KQ1-Qz 69 M 3.16 2.61 2.14 1.80 1.42 1.19 1.32 1.33 1.45 1.58 1.59 1.53 1.40 
MQ-Bi-Ca 48 M 2.95 2.38 1.89 1.34 1.06 0.96 0.83 0.61 0.49 0.38 0.25 0.14 0.08 
CQ-Bi-Ca 30 M 0.48 0.36 0.33 0.27 0.23 0.24 0.19 0.07 0.01 / / / / 
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Concentration of aromatic hydrocarbons in extracts of possible source rocks and bitumens  
(µg/g extract) 
Sample Names 46146 47642 47100 46143 46142 47103 47657 47661 47106 47666 
2-MN 22 22 267 22 72 72 36 42 44 82 
1-MN 22 14 201 18 73 93 23 22 48 50 
2,6+2,7-DMN 27 12 447 57 191 49 18 21 72 35 
1,3+1,7-DMN 44 12 523 58 236 89 18 21 116 36 
1,6-DMN 36 12 404 57 181 176 16 21 99 27 
1,4+2,3-DMN 29 7 168 / 96 60 7 12 40 16 
1,5-DMN 17 3 86 18 50 / / 4 61 7 
1,2-DMN 20 4 39 7 40 18 5 5 15 6 
1,3,7-TMN 47 6 276 49 194 86 4 12 41 11 
1,3,6-TMN / 4 311 57 216 75 13 25 51 7 
1,3,5..TMN 34 7 259 63 217 121 9 12 113 9 
2,3,6-TMN 34 6 247 51 197 92 0 8 55 9 
P 1176 29 645 261 648 426 49 31 495 29 
3-MP 185 23 567 87 620 337 37 10 392 8 
2-MP 285 24 556 111 639 381 46 11 469 9 
9-MP 296 29 732 119 865 334 29 10 387 7 
1-MP 322 22 505 98 603 261 22 13 308 9 
2+9-EP 47 9 167 32 237 106 11 6 147 5 
2,7+3,5-DMP 56 14 234 46 336 181 16 6 206 6 
2,7-DMP 77 9 174 45 259 129 13 11 149 4 
1,3..DMP / 45 1102 222 1533 572 39 33 650 19 
1,6+2,9-DMP 93 20 458 85 611 241 20 8 276 5 
1,7-DMP 130 17 311 76 376 158 12 17 173 5 
2,3-DMP 63 9 169 38 245 / 12 5 122 3 
1,9..DMP 149 10 201 38 224 100 / 8 68 4 
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Appendix M Absolute amount of hydrocarbons 
 
K. Relative concentration of sulphur aromatic compounds (% of quantified peaks) 
 
Possible source rock samples 
E-number Location Formation Depth 
(m) 
DBT 4-MDBT 2+3-
MDBT 
1-MDBT 1-EDBT 4,6-
DMDBT 
46146 Srbsko road Roblín -500.0 20.4 23.8 13.7 6.9 8.2 27.0 
47642 Tobolka-1, old Zlichov 80.9 / / / / / / 
47100 Tobolka-1 3RåiU\ 536.4 7.0 42.8 13.3 3.8 3.3 29.8 
46143 Kosov Quarry Kopanina 620.0 6.3 32.2 17.6 6.0 4.3 33.5 
47101 Tobolka-1 Kopanina 650.3 5.5 37.7 11.2 2.3 3.8 39.5 
46142 Kosov Quarry /LWH )P 800.0 5.7 32.7 12.4 2.9 5.9 40.3 
47103 Tobolka-1 /LWH  832.2 6.2 29.4 12.6 5.7 5.5 40.6 
47657 Tobolka - 1, old /LWH  833.6 / / / / / / 
47661 Tobolka - 1, old Kosov 1073.1 / / / / / / 
47106 Tobolka- .UDO Y'Y U 1118.0 7.8 30.5 12.3 5.1 3.3 41.0 
47666 Tobolka - 1, old .UDO Y'Y U 1456.0 / / / / / / 
47111 Tobolka-1 Vinice 2003.9 15.3 27.9 17.5 8.2 7.0 24.0 
47114 Tobolka-1 Letná 2377.0 33.8 22.2 13.3 7.4 3.8 19.6 
47117 Tobolka-1 Letná 2554.6 19.5 23.5 19.4 10.3 6.1 21.1 
 
 
Bitumen samples 
E-number Location bitumen type  DBT 4-MDBT 2+3-MDBT 1-MDBT 1-EDBT 4,6-DMDBT 
46170 Cement Bohemia solid, frac.  6.3 40.4 17.1 1.4 3.8 31.1 
 
 
248 Geochemical parameters from the analysis of biomarkers  
 
 
L. Geochemical parameters from the analysis of biomarkers 
 
Biomarker parameters from possible source rock samples 
 46146 46144 47100 46143 47101 46142 47103 47106 47111 47114 47117 
Reg-C29 20S/(S+R) 0.53 0.53 0.47 0.49 / 0.42 0.48 0.46 0.48 0.47 0.51 
Reg-C29 EE/(EE+DD)  0.54 0.60 0.61 0.58 / 0.60 0.58 0.59 0.61 0.61 0.61 
Reg-C27 20S/(S+R) 0.63 0.31 0.52 0.50 0.57 0.46 0.51 0.52 0.58 0.52 0.53 
Reg-C27 EE/(EE+DD)  0.47 0.60 0.45 0.52 0.49 0.44 0.44 0.46 0.52 0.49 0.51 
Dia-C29  20S/(20S+R) 0.68 0.63 0.62 0.52 0.52 0.60 0.62 0.52 0.65 0.67 0.64 
Dia-C27 20S/(S+R) 0.53 0.69 0.58 0.57 0.58 0.59 0.59 0.58 0.58 0.64 0.61 
 
           
Dia/(Dia + Reg)f 0.36 0.54 0.47 0.22 0.27 0.48 0.36 0.41 0.46 0.41 0.47 
 
           
Reg-C27 (%) 34.8 32.4 41.5 24.0 26.7 31.0 44.2 42.0 47.8 51.1 46.5 
Reg-C28 (%) 36.7 18.3 21.0 46.0 39.9 21.0 32.7 31.8 22.8 25.0 24.5 
Reg-C29 (%) 28.5 49.2 37.5 30.0 33.4 48.1 23.1 26.3 29.4 23.9 29.0 
 
           
Dia-C27 (%) 42.7 35.3 46.5 33.0 33.3 34.0 50.9 47.1 52.0 58.1 48.3 
Dia-C28 (%) 30.1 21.8 19.3 18.4 18.8 19.5 22.4 24.4 20.0 19.4 23.3 
Dia-C29 (%) 27.2 42.9 34.2 48.6 48.0 46.5 26.7 28.5 28.1 22.6 28.3 
 
 
Biomarker parameters from bitumen samples 
Sample 46148 46149 46159 46168 46175 46176 
Group BI-C BI-B BI-C BI-M BI-B BI-M 
Reg-C29 20S/(S+R) 0.37 0.57 0.39 0.53 0.49 0.51 
Reg-C29 EE/(EE+DD)  0.62 0.60 0.57 0.67 0.60 0.62 
Reg-C27 20S/(S+R) 0.48 0.57 0.44 0.56 0.54 0.55 
Reg-C27 EE/(EE+DD)  0.45 0.54 0.37 0.59 0.53 0.57 
Dia-C29  20S/(20S+R) 0.66 0.58 0.62 0.59 0.62 0.59 
Dia-C27 20S/(S+R) 0.50 0.47 0.36 0.59 0.59 0.57 
 
      
Dia/(Dia + Reg) 0.40 0.49 0.43 0.35 0.47 0.44 
 
      
Reg-C27 (%) 26.6 24.4 37.9 22.5 26.7 24.6 
Reg-C28 (%) 19.7 24.8 9.8 25.3 18.4 20.0 
Reg-C29 (%) 53.8 50.7 52.3 52.2 54.9 55.4 
 
      
Dia-C27 (%) 34.5 28.5 39.4 27.9 30.6 28.3 
Dia-C28 (%) 13.7 23.0 8.3 15.2 16.2 16.0 
Dia-C29 (%) 51.7 48.5 52.3 56.9 53.2 55.6 
 
 
Biomarker parameters CUS extracts of petroleum inclusions 
Sample BS2-Qz CB-Ca-1 HQ-Bi-SL KL-Ca-d KL-Ca-h KQ4-Qz KQ9-Qz 
Group PI-M PI-A PI-M PI-A PI-A PI-A PI-A 
Reg-C29 20S/(S+R) 0.37 0.45 0.50 0.45 0.46 0.39 0.48 
Reg-C29 EE/(EE+DD)  0.57 0.67 0.62 0.68 0.65 0.62 0.62 
Reg-C27 20S/(S+R) 0.46 0.66 0.49 0.54 0.47 0.69 0.50 
Reg-C27 EE/(EE+DD)  0.51 0.49 0.52 0.59 0.57 0.58 0.56 
Dia-C29  20S/(20S+R) 0.61 0.65 0.58 0.60 0.59 0.66 0.59 
Dia-C27 20S/(S+R) 0.60 0.59 0.59 0.64 0.59 0.66 0.63 
        
Dia/(Dia + Reg) 0.51 0.60 0.67 0.68 0.68 0.59 0.60 
 
       
Reg-C27 (%) 23.8 38.2 23.6 23.8 23.6 26.2 20.3 
Reg-C28 (%) 14.1 16.0 16.6 12.7 12.6 11.6 13.7 
Reg-C29 (%) 62.1 45.7 59.8 63.5 63.7 62.3 66.1 
 
       
Dia-C27 (%) 26.7 35.8 25.9 28.4 27.6 24.0 21.0 
Dia-C28 (%) 18.9 21.6 18.2 16.4 20.3 20.9 18.8 
Dia-C29 (%) 54.3 42.6 55.9 55.2 52.1 55.0 60.2 
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M. Geochemical parameters from the analysis of heterocompounds 
 
 
Possible source rocks 
E-number Formation MFR MFR 1 MFR 2 MFR 3 DFR 1 
46146 Roblín 1.58 0.81 3.02 2.49 0.16 
47100  0.82 0.73 2.71 2.61 0.16 
47101 Kopanina 0.69 0.74 2.59 2.64 0.13 
47103 	
  0.79 0.80 3.44 3.52 0.11 
46142 	
  0.47 0.80 4.90 3.92 0.12 
46143 Kopanina 1.70 0.67 1.76 1.29 0.12 
47106 G46   0.88 0.80 3.27 3.76 0.10 
47111 Vinice 4.47 0.45 1.51 0.88 0.27 
47114 Letná 9.97 0.52 1.38 1.10 0.33 
47117 Letná 5.67 0.46 1.50 0.83 0.31 
 
 
Bitumen extracts 
E-number Locality and sample  type MFR MFR 1 MFR 2 MFR 3 DFR 1 
46147 MQ, solid, frac. 0.46 0.74 2.75 3.00 0.13 
46148 MQ, solid, ortho. 1.81 0.61 1.92 1.55 0.20 
46149 MQ, solid, lob. 3.15 0.62 1.65 1.51 0.24 
46150 DQ, solid, vugs and frac. 3.10 0.58 1.76 1.29 0.06 
46151 SVJ, solid, frac. and vugs 1.24 0.40 0.94 1.14 0.11 
46152 KQ, liquid, greenish oil  2.10 0.57 1.36 1.27 0.27 
46153 ZQ, solid, lob. 0.84 0.60 1.87 1.67 0.10 
46156 ZQ, solid, beef calcite 0.82 0.76 2.75 2.39 0.10 
46157 HQ, solid, frac. 0.59 0.57 1.20 1.35 0.17 
46158 HQ, semiliquid, frac. 1.31 0.42 1.26 0.94 0.27 
46159 KSQ, solid, thin coatings on frac. 2.61 0.65 1.88 1.72 0.18 
46160 CG, semiliquid, frac. / / / / / 
46161 CG, solid, frac. 0.82 0.82 3.00 3.50 0.21 
46162 CKA, Radotín Fm., solid, frac. 2.21 0.82 3.22 3.57 0.15 
46163 CKA, Slivenec Fm., solid, frac. 5.73 0.56 1.10 1.06 0.12 
46166 LS, solid and semiliquid, frac. 3.25 0.65 1.15 1.66 0.22 
46167 CQ, solid, thin coatings on frac. 1.17 0.65 1.83 1.90 0.16 
46168 MKQ, solid, thin coatings on frac. 4.47 0.71 1.95 1.94 0.13 
46169 KL, solid, thin coatings on frac. 2.55 0.60 0.92 2.15 0.28 
46170 CB, solid, frac. 0.60 0.61 1.90 1.91 0.22 
46171 PD, solid, ortho. 0.88 0.66 2.35 2.28 0.08 
46172 PD, solid, Lob. / / / / / 
46173 PD, solid, frac. 3.49 0.65 2.21 1.92 0.20 
46174 BS, semiliquid, frac. and ortho. 0.56 0.62 1.66 1.75 0.15 
46175 BS, solid, frac. 1.12 0.63 1.63 1.38 0.13 
46176 VCS, solid, frac. 0.44 0.68 2.01 1.89 0.20 
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N. General characteristics from CUS extracts of crystals containing petroleum inclusions 
 
Name Describtion cf. RIC Biomarker Cycloalkanes and 
dekanines 
alkylated 
Benzenes 
Naphthalenes Phenanthrenes Fluourenes Carb + Fluo 
+ Xanth 
BS2-Qz small, brownish, lath-shaped quartz 
XX 
70, PI-M PI-M, max. at n-C16 hopanes and 
steranes 
weak weak abundant abundant weak ? Carb., very 
weak 
CB-Ca whitish calcites 19-20, PI-A PI-A, max. at n-C14 hopanes, well 
resolved, 
abundant abundant abundant abundant abundant ?Carb. 
CKQ2-Ca whitish calcites, partly greenish, clear 71,72, PI-E, 
PI-M 
PI-A, max. at n-C15 hopanes, weak / / weak weak / / 
CQ-Bi-Ca yellowish calcites 32, PI-E PI-AE, max. at n-C14 hopanes, well 
resolved 
abundant abundant abundant abundant / / 
CQ-Bi-Ca-3 from 46167 29/30, PI-A, 
PI-AB 
PI-A, max. n-C14, / abundant / ? abundant E+4-5, abundant abundant  / 
DQ-1-SD saddle dolowithe, yellowish 87, PI-E PI-A, max. at n-C15 hopanes, well 
resolved, few 
steranes 
/ / weak weak / / 
DQ3-Qz whitish clumsy quartz XX, columnar 
and idiomorphic 
18, PI-D PI-A?, max. at n-C15, 
weak sample 
/ / / / / / / 
HQ-Bi-SL-Ca Ca-XX from bitumen E 46158 33, PI-A PI-M, max. at n-C15, 2. 
max. at n-C19 
hopanes and 
steranes 
weak weak abundant abundant weak ? Carb., very 
weak 
HQ-Bi-Solid-
Ca 
Ca-XX from bitumen E 46157 34, PI-B weak sample / / / / / / / 
KL-Ca-d 53,4-53,5 m, dark calcites 90, PI-A PI-A, max. at n-C14 steranes abundant weak abundant abundant abundant ? Carb., very 
weak 
KL-Ca-h 53,4-53,5 m, whitish calcites 92, PI-A PI-A, max. at n-C14 steranes abundant abundant, 
xylene + 3M 
missing 
abundant abundant abundant ? Carb., very 
weak 
KL-Ca-m-1 Klonk borehole, dark and light, 53.4-
53.55 m 
91, PI-D PI-D, max. at n-C26 / abundant, fluorenes 
present 
abundant E+6, abundant abundant  / 
KQ2-Qz-3 idiomorphic  quartz XX, Kopanina 17, PI-A PI-AB, max. at n-C16 / low amount on 
DHN, more 
fluorenes 
abundant E+6, abundant abundant  / 
KQ4-Qz subvertical fractures in Lite )P
small lath-shaped, idiomorphic smoky 
quartz  XX 
42, PI-B PI-A, max. at n-C15 steranes abundant abundant abundant abundant abundant ? Carb., very 
weak 
KQ6-Ca-2 yellowish calcite 63, PI-A PI-A, max. at n-C16 / weak abundant E+3-4, abundant abundant  / 
KQ7-Qz idiomorphic smoky quartz XX, 
bipyramidal, Kopanina Fm. 
28, PI-D PI-D - PI-M, max. at 
n-C13 and n-C15 
/ abundant abundant abundant abundant abundant ? Carb., very 
weak 
KQ8-Qz-1 quartz from Burial Joint #2, clumpsy, 
/LWH  
85, FI-A PI-A, max. at n-C15 / abundant abundant E+5-6, abundant abundant   fluorenones? 
KQ9-Qz idiomorphic, very lath-shaped smoky 
quartz XX 
86, PI-A PI-A, max. at n-C14 steranes abundant abundant abundant abundant abundant ? Carb., very 
weak 
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General characteristics from CUS extracts of crystals containing petroleum inclusions 
Name Describtion cf. RIC Biomarker Cycloalkanes and 
dekanines 
alkylated 
Benzenes 
Naphthalenes Phenanthrenes Fluourenes Carb + Fluo 
+ Xanth 
KSQ-Ca-1 calcite with bitumen, reflectivity 
measured by I.S. 
86, PI-A weak sample / / / / /  / 
KSQ-Qz milky quartz XX, clumpsy 40, PI-B PI-M, max. at n-C14 
and n-C18 
/ / abundant abundant abundant abundant ? Carb., very 
weak 
MKQ-Ca large, brownish XX from fracture 62,68, PI-E PI-A, weak sample / abundant / weak  very weak / 
MQceph-Bi-
Ca 
from 46148, brownish calcites 44, PI-B PI-A, max. at n-C15 hop(e)ane weak weak abundant abundant very weak / 
MQfrac-Bi-
Qz 
small, more or less idiomorphic smoky 
quartz XX up to 2 mm 
46, PI-A weak sample / / /  / / / 
MQlob-Bi-Ca from 46149, brownish calcites 49, PI-E PI-A, weak sample  / /   / / 
PDceph-Bi-
Ca 
calcites from 46171 37, PI-B  two measurements PI-
A and PI-C, Ca#1 with 
2. max. at n-C32 
/ weak abundant abundant abundant weak ? Carb., very 
weak 
Pdlob2-Ca-1 Sample #310/97 346/97, reflectivity 
measured by I.S. 
53, PI-C PI-D, max. at n-C25 / weak cycloalkanes, 
more fluorenes 
abundant abundant abundant  fluorenones ? 
SVJ2-Qz-2 quartz, clumpsy, dark X with clear tip 60, PI-M PI-B?, max. at n-C19 
and higher at n-C22 
/ abundant abundant abundant abundant  / 
SVJ3-Ca "Late Calcite", V.S. #4 88, PI-E PI-A, weak sample / weak abundant abundant abundant / / 
SVJ4-Ca-1  51, PI-A PI-M?, max. at n-C29 / abundant / abundant abundant  / 
SVJ-Bi-Ca calcites from 46151 67, PI-E PI-A, weak sample / abundant abundant abundant abundant weak / 
ZL-Ca-1 beef calcite 84, ZL-Ca-1, 
PI-A 
PI-BD, max. at n-C19 
and n-C26-27 
/ abundant abundant up to TMN 
abundant 
abundant  fluorenones ? 
ZL-Qz-6 smoky quartz XX from conjugated 
fractures 
22-26, 81, PI-
A,B, D, M 
PI-B, max. at n-C19 / weak cycloalkanes, 
more fluorenes 
abundant abundant abundant  fluorenones ? 
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O. Stable carbon isotope data 
 
Possible source rocks 
Sample Formation Depth (m) 
Aliphatics 
(‰ PDB) 
Aromatics 
(‰ PDB) 
High polarity NSO-
compounds 
(‰ PDB) 
Kerogen 
(‰ PDB) 
46146 Roblín -500.0 -27.0 -26.5 -27.6 -25.8 
46145 Daleje 200.0 -25.0 / -29.7 -29.0 
46144  500.0 -27.8 / -28.6 -29.3 
47100  536.4 -28.3 -27.9 -26.5 -27.4 
46143 Kopanina 620.0 / / -25.7 -23.2 
47101 Kopanina 650.3 -29.0 -28.4 -28.5 -29.0 
46142 	
  800.0 -27.2 -24.1 -26.7 -28.8 
47103 	
  832.2 -27.9 -29.1 -28.8 -29.1 
47106 Kr   1118.0 -30.4 -29.5 -28.8 -30.4 
47111 Vinice 2003.9 -29.5 -29.2 -27.8 -26.3 
47114 Letná 2377.0 -27.6 -27.8 -27.9 -26.9 
47117 Letná 2544.6 -27.7 -26.8 -28.0 -28.1 
 
 
Bitumen extracts 
Sample BI-Group Locality and bitumen type Aliphatics (‰ PDB) 
Aromatics 
(‰ PDB) 
High polarity NSO-
compounds 
(‰ PDB) 
46150 BI-M DQ, solid, vugs + frac. -29.7 -28.2 -28.4 
46151 BI-C SVJ, solid, frac. + vugs -29.6 -28.7 -28.8 
46152 BI-D KQ, liquid, greenish oil -30.3 -29.2 -28.2 
46153 BI-C ZQ, solid, frac + lob. + ortho. -29.2 -28.9 -28.6 
46156 BI-M ZQ, solid, beef calcite -28.5 -26.9 -27.6 
46158 BI-C DQ, semiliquid, frac. -29.8 -30.0 -28.8 
46160 BI-D CG, semiliquid, frac. -27.5 -27.1 -25.1 
46161 BI-B CG, solid, frac. -28.3 -27.5 -27.9 
46162 BI-D CKQ, solid, frac. -27.9 -27.4 -27.1 
46163 BI-B CKQ, solid, frac. -28.5 -28.4 -29.1 
46170 BI-S CB, solid, frac. -28.8 -28.4 -27.2 
46171 BI-M PD, solid, ortho. -28.0 -27.6 -27.8 
46172 BI-D PD, solid, lob. -29.4 -27.8 -26.9 
46173 BI-B PD, solid, frac. -28.5 -27.9 -25.7 
46174 BI-C BS, semiliquid, ortho. -30.4 -29.4 -29.2 
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P. Gas chromatograms of aliphatic fractions of source rock and bitumen extracts 
 
Possible source rocks 
Gas chromatograms of aliphatic fraction 
 
n-C18
n-C20
n-C18
n-C19
n-C16
E 46143
Kosov Quarry
Kopanina Fm.
E 46146
Srbsko Road Section
Roblín Fm.
E 47642
Tobolka 1, old
80.3 m, Zlíchov Fm.
E 47100
Tobolka 1, 536.4 m
Poáry Fm.
E 47101
Tobolka 1, 650.3 m
Kopanina Fm.
internal standard
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Possible source rocks 
Gas chromatograms of aliphatic fraction 
 
n-C14
n-C18
n-C13
n-C25
n-C17
n-C17
n-C22
n-C20
E 46142
Kosov Quarry
Lite  Fm.
E 47657
Tobolka 1, old
833.6 m,Lite  Fm.
E 47103
Tobolka 1, 832.2 m
Lite  Fm.
E 47661
Tobolka 1, old
1073.1 m, Kosov Fm.
E 47106
Tobolka 1, 1118.0 m
Kral v Dv r Fm.
internal standard
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Possible source rocks 
Gas chromatograms of aliphatic fraction 
 
n-C22
n-C16
n-C22
n-C18
n-C18
n-C22
n-C22
n-C18
E 47666
Tobolka 1, old
1456.0 m, Kral v Dv r
E 47114
Tobolka 1, 2377.0 m
Letná Fm.
E 47111
Tobolka 1, 2003.9 m
Vinice  Fm.
E 47117
Tobolka 1, 2544.6 m
Letná Fm.
internal standard
 
256 Gas chromatograms of aliphatic fractions of source rock and bitumen extract  
Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
n-C19
n-C38
n-C20
n-C23
n-C25
n-C19
E 46147
Marble Quarry
solid, fractures
E 46150
Dolomite Quarry
solid, vugs and fractures
E 46151
Svatý Jan pod Skalou
solid, fractures and vugs
E 46149
Marble Quarry
solid, lobolites
E 46148
Marble Quarry
solid, orthoceres
internal standard
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Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
n-C26
n-C19
n-C31n-C26
n-C17
n-C19
n-C19
n-C28
E 46153
Zak v Quarry
solid, lobolites
E 46152
Kosov Quarry
greenish oil, geodes
E 46157
Homolak Quarry
solid, fractures
E 46156
Zak v Quarry
solid, beef calcite
E 46158
Homolak Quarry
semiliquid, fractures
internal standard
 
258 Gas chromatograms of aliphatic fractions of source rock and bitumen extract  
Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
n-C20
n-C31
n-C28
n-C17
n-C20 n-C27
n-C17
E 46159
Koso  Quarry
solid, thin coatings on
fractures
E 46160
erná roklika
semiliquid, fractures
E 46163
Cikánka Quarry
solid, fractures and vugs
Slivenec Fm.
E 46161
erná roklika
solid, fractures
E 46162
Cikánka Quarry
solid, fractures
Radotín Fm.
internal standard
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Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
n-C13
n-C19
n-C31
n-C23
n-C31
n-C18
n-C19
n-C26
E 46167
Cephalopode Quarry
solid, thin coatings on
fractures
E46166
Lobolitová stra
solid and semiliquid
fractures
E 46168
Malkov Quarry
solid, thin coatings on
fractures
E 46169
Klonk Section
solid, fractures
E 46170
Cement Bohemia
solid, fractures
internal standard
 
260 Gas chromatograms of aliphatic fractions of source rock and bitumen extract  
Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
n-C19
n-C25
n-C19
E 46171
Podolí-Dvorce
solid, orthoceres
E 46175
Bud anská skala
solid, fractures and
orthoceres
E 46174
Bud anská skala
semiliquid, orthoceres
E 46172
Podolí-Dvorce
solid, lobolites
E 46173
Podolí-Dvorce
solid, fractures
n-C20
n-C32
n-C19
internal standard
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Bitumen extracts 
Gas chromatograms of aliphatic fraction 
 
 
n-C19
E 46176
ertovy Schody
solid, fractures
internal standard
 
262 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Q. Gas chromatograms from MSSV-type analysis of petroleum inclusions 
 
Petroleum inclusions: Group PI-A 
 
n-C20
n-C11
n-C17
n-C8
n-C17
n-C8
n-C11
n-C8
n-C8
n-C17
n-C17
KQ2-Qz-1
17
KQ6-Ca
63
KL-Ca-h-1
92
CB-Ca-1
19
HQsl-Bi-Ca
33
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Petroleum inclusions 
Group PI-A 
 
 
n-C17
n-C10
n-C17
n-C11
n-C17
n-C11
n-C17
n-C8
n-C17
n-C8
KQ8-Qz-1
85
SVJ1-Ca
51
KL-Ca-d-1
90
KQ9-Qz-1
86
CB-Ca-2
20
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Petroleum inclusions 
Group PI-A 
 
 
n-C17
n-C8
n-C17
n-C8
n-C17
n-C8
MQ-Bi-Qz
46
ZL-Ca-1
84
KQ3-Qz
41
ZL-Qz-6
82
 
Appendix Q Gas chromatograms MSSV-type analysis of petroleum inclusions 265 
Petroleum inclusions 
Group PI-B 
 
 
 
n-C17
n-C11
n-C14
n-C11
n-C15
n-C14
n-C17
PDlob-Bi-Ca-2
81
HQsol-Bi-Ca
34
SVJ-Bi-Qz
50
KQ5-Qz
58
KQ4-Qz
42
 
266 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Petroleum inclusions 
Group PI-B 
 
 
 
n-C14
n-C16
n-C13
n-C18
n-C11
PDfr-Bi-Qz
56
ZL-Qz-5
26
MQceph-Bi-Ca
44
KSQ-Qz
40
PD-Bi-Ca
37
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Petroleum inclusions 
Group PI-B 
 
 
 
n-C17
n-C8
CQ-CaBi
31
 
268 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Petroleum inclusions 
Group PI-C 
 
 
 
n-C31
n-C30
n-C50
n-C16
alkene-alkane doublets
PDlob-Bi-Ca-1
53
KQ2-Ca-1
16
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Petroleum inclusions 
Group PI-D 
 
 
 
n-C27
n-C29
n-C18
n-C26
n-C13
n-C27
n-C8
n-C26
n-C18n-C11
alkene-alkane doublets
CG-Semil-Bi-Ca
45
DQ-Qz-1
18
KL-Ca-m-1
91
SVJ2-Qz
60
KQ7-Qz
28
 
270 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Petroleum inclusions 
Group PI-D 
 
 
 
n-C26
n-C14
n-C26
n-C8
ZL-Qz-2
23
CQ-Bi-Ca
29
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Petroleum inclusions 
Group PI-E 
 
 
alkene-alkane doublets
alkene-alkane doublets
n-C10
n-C15
n-C10
n-C10
benzene
benzene
MQlobBi-Ca
49
CKQ3-Ca
71
SVJ1-Bi-Ca
67
SVJ3-Ca-1
88
DQ-1-SD-1
87
 
272 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Petroleum inclusions 
Group PI-E 
 
 
 
benzene
benzene
benzene
benzene
n-C17
alkene-alkane doublets
peak identification unclear
n-C10
VCS-Bi-Ca-2
39
MKQ-Ca-1
62
CQ-E46167
32
VCS2-Ca-1
64
DQ-Ca
59
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Petroleum inclusions 
Group PI-E 
 
 
crystals decrepitated later
benzene
peak identification unclear
benzene
benzene
alkene-alkane doublets
MKQ-Ca-2
68
LS-Ca
43
KSQ Ca-1
89
VCS-Bi-Ca
38
 
274 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
 
Petroleum inclusions 
Group PI-M 
 
 
n-C13
n-C17
n-C14
n-C26
n-C20
n-C29
n-C15
n-C26
CG-Semil-Bi-Qz
61
CKQ-Ca
72
CG-Sol-Bi-Ca
52
BS-Qz
70
ZL-Qz-4
25
Appendix Q Gas chromatograms MSSV-type analysis of petroleum inclusions 275 
Petroleum inclusions 
Group PI-M 
 
 
 
n-C11
n-C8
n-C15
n-C13
n-C29
n-C8
n-C11
ZL-Qz-1
22
KQ2-Qz-2
27
ZL-Qz-3
24
KQ1-Qz
69
MQ-Bi-Ca
48
 
276 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
Petroleum inclusions 
Group PI-M
 
 
n-C10
n-C17
CQ-Bi-Ca
30
 
Appendix R Gas fragmentograms from CUS extracts of XX containing of petroleum inclusions 277 
R. Gas fragmentograms from CUS extracts of petroleum inclusions 
 
m/z=85+71+67 
 
n-C24
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C24
n-C24
n-C24
n-C24
m/z=85+71+67
BS2-Qz
CB-Ca
CKQ2-Ca
CQ-Bi-Ca
CQ-Bi-Ca-3
278 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
n-C24
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C24
n-C24
n-C24
n-C24
m/z=85+71+67
KL-Ca-d
HQ-Bi-solid-Ca
HQ-Bi-SL-Ca
DQ3-Qz
DQ-1-SD
 
Appendix R Gas fragmentograms from CUS extracts of XX containing of petroleum inclusions 279 
CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
 
n-C24
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C17+ Pr
n-C24
n-C24
n-C24
n-C24
n-C26
m/z=85+71+67
KL-Ca-h
KL-Ca-m
KQ2-Qz-3
KQ4-Qz
KQ6-Ca-2
 
280 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
 
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr m/z=85+71+67
KQ8-Qz
KSQ-Qz
KQ9-Qz
KQ7-Qz
KSQ-Ca-1
weak sample, not evaluated
Appendix R Gas fragmentograms from CUS extracts of XX containing of petroleum inclusions 281 
CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
 
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr m/z=85+71+67
MKQ-Ca
MQceph-Bi-Ca
MQfrac-Bi-Qz
MKQlob-Bi-Ca
PDceph-Bi-Ca
 
282 Gas chromatograms from MSSV-type analysis of petroleum inclusions  
CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
 
n-C17+ Pr
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C17+ Pr
n-C24
n-C24
n-C17+ Pr
n-C24
m/z=85+71+67
SVJ2-Qz-2
PDlob2-Ca-1
SVJ-Bi-Ca
SVJ4-Ca-1
SVJ3-Ca
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CUS extracts of petroleum inclusions 
m/z=85+71+67 
 
 
 
n-C17+ Pr
n-C24
n-C24
n-C17+ Pr m/z=85+71+67
ZL-Ca-1
ZL-Qz-6
 
284 Distribution of aliphatic compounds from gas chromatography  
S. Distribution of aliphatic compounds from gas chromatography 
 
Possible source rocks 
Distribution of aliphatic compounds 
 
E 46146
Roblín Fm., Srbsko Road
E 47642
Tobolka 1, Zlíchov Fm., 80.9 m
E 47100
Tobolka 1, Poáry Fm., 536.4 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
50
100
150
200
250
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Possible source rocks 
Distribution of aliphatic compounds 
 
E 47101
Tobolka 1, Kopanina Fm., 650.3 m
E 47103
Tobolka 1, Lite   Fm., 832.2 m
E 46143
Kopanina Fm., Kosov Quarry
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
7000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Possible source rocks 
Distribution of aliphatic compounds 
 
E 46142
Lite  Fm., Kosov Quarry
E 47657
Tobolka 1, old, Lite  Fm., 833.9 m
E 47661
Tobolka 1, old, Kosov Fm., 1073.1 m
0
50
100
150
200
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
100
200
300
400
500
600
700
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Possible source rocks 
Distribution of aliphatic compounds 
 
E 47106
Tobolka 1, Kral v Dv r Fm., 1118.0 m
E 47111
Tobolka 1, Vinice Fm., 2003.9 m
E 47666
Tobolka 1, old,  Kral v Dv r Fm., 1456.0 m
0
1000
2000
3000
4000
5000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
50
100
150
200
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
500
1000
1500
2000
2500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
288 Distribution of aliphatic compounds from gas chromatography  
Possible source rocks 
Distribution of aliphatic compounds 
 
E 47114
Tobolka 1, Letná Fm., 2377.0 m
E 47117
Tobolka 1, Letná Fm., 2544.6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
c h a i n  l e n g t h  o f  n - a l k a n e s
E 46147
MQ, solid, fractures
0
1000
2
3000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46148
MQ, solid, ort hoceres
0
500
1000
1500
2000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46149
MQ, solid, lobolites
0
200
400
600
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
 
290 Distribution of aliphatic compounds from gas chromatography  
Bitumen extracts 
Distribution of aliphatic compounds 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
E 46150
DQ, solid, vugs and fractures
0
500
1000
1500
2000
2500
3000
3500
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46151
SVJ, fractures and vugs
0
100
200
300
400
500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46152
KQ, greenish oil from geodes
0
2000
4000
6000
8000
10000
12000
14000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46153
ZQ, lobolites, orthoceres, fractures
0
200
400
600
800
1000
1200
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46156
ZQ, beef calcite
0
500
1000
1500
2000
2500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46157
HQ, solid, fractures
0
400
800
1200
1600
2000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
292 Distribution of aliphatic compounds from gas chromatography  
Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46158
HQ, semi-liquid, fractures
0
500
1000
1500
2000
2500
3000
3500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46159
KSQ, solid, fractures
0
1000
2000
3000
4000
5000
6000
7000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46160
CG, semi-liquid, fractures
0
2000
4000
6000
8000
10000
12000
14000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
Appendix S Distribution of aliphatic compounds from gas chromatography 293 
Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46161
CG, solid, fractures
0
2000
4000
6000
8000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46162
CKQ, solid, fractures
0
500
1000
1500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46163
CKQ, solid, fractures and vugs
0
200
400
600
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46166
LS, semi-liquid and solid, fractures
0
4000
8000
12000
16000
20000
24000
28000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46167
CQ, solid, thin coatings on fractures
0
2000
4000
6000
8000
10000
12000
14000
16000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46168
MKQ, solid, thin coatings on fractures
0
500
1000
1500
2000
2500
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46169
KL, solid, thin coatings on fractures
0
100
200
300
400
500
600
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46170
CB, solid, fractures
0
4000
8000
12000
16000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46171
PD, solid, orthoceres
0
4000
8000
12000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46172
PD, solid, lobolites
0
10000
20000
30000
40000
50000
60000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46173
PD, solid, fractures
0
2000
4000
6000
8000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 46174
BS, semi-liquid, orthoceres
0
500
1000
1500
2000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Bitumen extracts 
Distribution of aliphatic compounds 
 
E 46175
BS, solid, ortho. and frac.
0
1000
2000
3000
4000
5000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
E 47176
VCS, solid, fractures
0
500
1000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-A 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
63:KQ6-Ca
0.00
0.50
1.00
1.50
2.00
2.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
17:KQ2-Qz-1
0.00
2.00
4.00
6.00
8.00
10.00
12.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
33:HQsl-Bi-Ca
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
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Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-A 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
19:CB-Ca-1
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.
8.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
92:KL-Ca-h-1
0.00
2.00
4.00
6.00
8.00
10.00
12.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
85:KQ8-Qz-1
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
300 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-A 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
51:SVJ1-Ca
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-eluting compound ?
90:KL-Ca-d-1
0.00
1.00
2.00
3.00
4.00
5. 0
6. 0
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
86:KQ9-Qz-1
0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 301 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-A 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
46:MQ-Bi-Qz
0.00
5.00
10.00
15.00
20.00
25.00
30. 0
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
84:ZL-Ca-1
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
20:CB-Ca-2
0.00
0.50
1.00
1.50
2. 0
2.50
3.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-eluting compound
c h a i n  l e n g t h  o f  n - a l k a n e s
 
302 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-A 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
41:KQ3-Qz
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
82:ZL-Qz-6
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.
4.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-eluting compound
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 303 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-B 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
81:PDlob-Bi-Ca-2
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
34:HQsol-Bi-Ca
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
? co-eluting compound
50:SVJ-Bi-Qz
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
304 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-B 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
58:KQ5-Qz
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
42:KQ4-Qz
0.00
2.00
4.00
6.00
8.00
10.00
12.00
14.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
56:PDfr-Bi-Qz
0.00
0.50
1.00
1.50
2.00
2.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 305 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-B 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
26:ZL-Qz-5
0.00
1.00
2.00
3.00
4.00
5.00
6.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-eluting compound
44:MQceph-Bi-Ca
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
40:KSQ Qz
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
306 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-B 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
37:PD-Bi-Ca
0.00
1.00
2.00
3.00
4.00
5.00
6.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
31:CQ-CaBi
0.00
5.00
10.00
15.00
20.00
25.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 307 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-C 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
53:PDlob-Bi-Ca-1
0.00
5.00
10.00
15.00
20.00
25.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
16:KQ2-Ca-1
0.00
10.00
20.00
30.00
40.00
50.00
60.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-eluting compounds
c h a i n  l e n g t h  o f  n - a l k a n e s
 
308 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-D 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
60:SVJ2-Qz
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
small n26?
dominant n19, B
28:KQ7-Qz
0.00
0.50
1.00
1.50
2.00
2.50
3.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
23:ZL-Qz-2
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 309 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-D 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
29:CQ-Bi-Ca
0.00
2.00
4.00
6.00
8.00
10.00
12.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
310 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-E 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
49:MQlobBi-Ca
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
71:CKQ3-Ca
0.00
0.10
0.20
0.30
0.40
0.50
0.60
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution
unclear
67:SVJ1-Bi-Ca
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution unclear
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 311 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-E 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
88:DQ-1-SD-1
0.00
0.20
0.40
0.60
0.80
1.00
1.20
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
87:DQ-1-SD-1
0.00
0.20
0.40
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
39:VCS-Bi-Ca-2
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
312 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-E 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
62:MKQ-Ca-1
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
32:CQ-E46167
0.00
1.00
2. 0
3.00
4.00
5.00
6.00
7. 0
8.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
64:VCS2-Ca-1
0.00
0.05
0.10
0.15
0.20
0.25
0.30
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution
unclear
c h a i n  l e n g t h  o f  n - a l k a n e s
 
Appendix S Distribution of aliphatic compounds from gas chromatography 313 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-E 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
59:DQ-Ca
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution
 unclear
68:MKQ-Ca-2
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
43:LS-Ca
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution
unclear
c h a i n  l e n g t h  o f  n - a l k a n e s
elution
unclear
 
314 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-E 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
89:KSQ Ca-1
0.00
0.20
0.40
0.60
0.80
1.00
1.20
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
co-elution
c h a i n  l e n g t h  o f  n - a l k a n e s
38:VCS-Bi-Ca
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
elution unclear
 
Appendix S Distribution of aliphatic compounds from gas chromatography 315 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-M 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
61:CG-Semil-Bi-Qz
0.00
0.50
1.00
1.50
2.00
2.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
72:CKQ-Ca
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
52:CG-Sol-Bi-Ca
0.00
0.50
1.00
1.50
2.00
2.50
3.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
EBACD
61:CG-Semil-Bi-Qz
72:CKQ-Ca
52:CG-Sol-Bi-Ca
 
316 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-M 
 
E47114
Tobolka 1, Letna-Fm., 2377,0 m
E47117
Tobolka 1, Letna-Fm., 2544,6 m
0
1000
2000
3000
4000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
0
1000
2000
3000
4000
5000
6000
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
 
70:BS-Qz
0.00
5.00
10.00
15.00
20.00
25.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
25:ZL-Qz-4
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
22:ZL-Qz-1
0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
EB
BD
EBA
 
Appendix S Distribution of aliphatic compounds from gas chromatography 317 
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-M 
 
24:ZL-Qz-3
0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
69:KQ1-Qz
0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
27:KQ2-Qz-2
0.00
1.00
2.00
3.00
4.00
5.00
6.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
EBA
EBD
EACB
318 Distribution of aliphatic compounds from gas chromatography  
Petroleum inclusions 
Distribution of aliphatic compounds MSSV-type analysis 
Group PI-M 
 
 
 
 
48:MQ-Bi-Ca
0.00
5.00
10.00
15.00
20.00
25.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
30:CQ-Bi-Ca
0.00
5.00
10.00
15.00
20.00
25.00
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 Pr Ph
c h a i n  l e n g t h  o f  n - a l k a n e s
EAB
EA
 
  
Appendix T Ternary distribution of bulk compound classes 319 
 
T. Ternary distribution of  bulk compound classes 
 
PI-A
PI-B
PI-C
PI-D
PI-E
PI-M
Legend:
100
 90
 80
 70
 60
 50
 40
 30
 20
 10
100
 90
 80
 70
 60
 50
 40
 30
 20
 10
100  90  80  70  60  50  40  30  20  10
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U. Peak identification of aromatic hydrocarbons in CUS extracts from petroleum 
inclusions 
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V. Peak identifications of carbazoles 
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W. Distribution of fluorenes in CUS extracts from petroleum inclusions 
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X. Organic matter reflectance data 
 
Depth above 
SL (m)  
Depth 
(m) 
Formation Ro meas. 
(%) 
sd (%) n Ro trans  
(% VRr equiv) 
Tmax S2-2  
(°C) 
Rc Tmax 
(% VRr equiv) 
-355.4 89.6 Zlíchov 0.89 0.10 16 0.89 446 0.83 
-308.0 137.0 Zlíchov 1.86 0.41 42  459 1.04 
28.5 473.5 Lochkov  1.05 0.10 36 1.05   
91.4 536.4  1.13 0.17 30 1.00 444 0.79 
205.3 650.3 Kopanina 1.15 0.24 53 1.02 442 0.76 
259.2 704.2 Kopanina  1.47 0.36 52 1.28 465 1.14 
387.2 832.2 	
  1.53 0.34 69 1.30 440 0.73 
562.6 1007.6 Kosov       
626.1 1071.1 Kosov Fm.       
673.0 1118.0 G46   1.43 0.34 40 1.17 449 0.87 
732.5 1177.5 G46   2.23 0.18 37 1.87   
957.2 1402.2 G46   1.92 0.32 13 1.60   
1168.8 1613.8 Bohdalec  2.33 0.34 52 1.95 484 1.46 
1483.4 1928.4  y  2.44 0.31 30 2.05 499 1.67 
1558.9 2003.9 Vinice     493 1.59 
1669.3 2114.3 Vinice 2.74 0.32 17 2.31 504 1.74 
1789.2 2234.2 Letná      507 1.78 
1932.0 2377.0 Letná      496 1.63 
1986.0 2431.0 Letná  2.58 0.54 43 2.17 466 1.16 
2090.0 2535.0 Letná        
2099.6 2544.6 Letná      481 1.41 
2103.1 2548.1 Letná      457 1.01 
2105.7 2550.7 Letná  2.21 0.45 32 1.85 513 1.85 
2129.9 2574.9 Letná  2.77 0.45 37 2.34 460 1.06 
2169.0 2614.0 Letná      470 1.23 
2211.6 2656.6 Letná  3.39 0.43 38  452 0.92 
2262.0 2707.0 Letná      485 1.47 
2266.0 2711.0 Letná  2.65 0.47 60 2.23 476 1.33 
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Y. Results from fission track analyses 
 
Fission track samples 
 
Lab. No Period Stage and formation, depth Lithology Apatite Zircon Titanite 
H1 Upper Proterozoic  basic tuff - - - 
H2 Upper Proterozoic  basalt - - - 
H3 Upper Proterozoic  greywacke - - - 
H4 Silurian Lower Ludlowian basalt - - - 
H5 Silurian Lower Ludlowian basalt - - - 
H6 Silurian Kopanina Fm., Ludlowian  metabentonite - - - 
H7 Ordovician Bodalec Fm., Upper Caradocian basic tuff X - - 
H8 Silurian  	
 hyaloclastite X - - 
H9 Ordovician Kosov Fm., Upper Ashgillian greywacke X X - 
H10 Carboniferous Radnice seam, Westphalian C tuff - X - 
H11 Carboniferous Radnice seam, Westphalian C tuff X - - 
H12 Silurian  	– Wenlockian diabase - - - 
H13 Upper Proterozoic  greywacke X - X 
H14 Ordovician Letná Fm., Caradocian greywacke X X X 
H15 Ordovician Letná Fm., Caradocian greywacke X X X 
H16 Ordovician  	n greywacke - - - 
H17 Ordovician Kosov Fm., Ashgillian sandstone X X - 
H18 Ordovician Kosov Fm., Ashgillian sandstone X X - 
H19 Silurian Liten Fm., Wenlockian tuff -  X - 
TB-1-1 Silurian 769.20-770.20 m diabase - - - 
TB-1-2 Silurian 878.50-879.50 m diabase X - - 
TB-1-3 Ordovician 1.072.10-1.073.10 m sandstone X X - 
TB-1-4 Ordovician 2.696.20-2.697.20 m sandstone - X - 
(reproduced from Glasmacher et al., internal report FZ Jülich 502098, 1998) 
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Statistical results from fission track analyses 
 
Track count data, ages and length of confined length. (n: no. of counted apatite grains, s = density of spont. Tracks (x106/cm2), Ns = no. of spont. tracks, i = density of ind. 
Tracks (x106/cm2), Ni = no. of ind. tracks), Nd = 30000 tracks counted on CN-5). χ2 [%] probability of greater values. Ages (169±12) are calculated using the pooled statistics and 
a ζ-value of 297.5 ± 5.1 a/cm2. If χ2 - test failed mean age (258±12) are given. (Loc.: longitudinal and latitudinal co-ordinates or as village names). Elevation of Tobolka drill 
samples is given as drill site elevation (440 m) minus sample depth in drill core (O-	
	
				
 
 
S. – 
No. 
O-Th Long.  
Lat.  
Elev. 
(m) 
Strat. Deposit. 
age (Mabp) 
Lithology U ± std. 
(ppm) 
n Sp. tracks 
ρs        Ns 
Ind. Tracks 
ρi         Ni 
χ2 
% 
age 
(Mabp)±σ 
Confined  
tracks 
Mean length ± std. 
(µm) 
H7  Chlustina 305 Mid. Ord. 
Bohdalec FM. 
~445 bas. Tuff 20±8 20 3.88     3686 3.18     3026 33 330±10 100 12.702.05 
H8 H 14 05 47 E 49 57 37 N 235 
Low. Sil. 

	  ~424 bas. Tuff 7±4 12 1.25      691 1.06      588 49 319±19 7 13.331.16 
H9 F 14 05 29 E 49 54 53 N 260 
Up. Ord. 
L. Kosov FM. ~438 Greyw. 31±22 18 4.40     3771 4.57     3920 15 262±8 26 12.451.06 
H11  Ovcin/Radnice 425 Up. Carb. Radnice seam ~305 Tuff 45±18 20 6.89     6332 7.10     6528 15 264±7 94 12.201.79 
H18 F 14 11 58 E 49 55 19 N 280 
Up. Ord. 
Up. Kosov FM. ~437 
Sandst. - 
Congl. 26±17 19 3.81     3189 3.78     3164 failed 258±12 51 12.291.41 
H20 F 14 04 41 E 49 54 53 N 440 
Mid. Dev. 
Srbsko ~372 Sandst. 40±21 19 5.92     4496 5.39     4091 81 273±8 77 12.241.56 
H21 H 14 08 15 E 49 57 36 N 350 
Mid. Dev. 
Srbsko ~372 Sandst. 47±18 20 7.82     5095 6.29     4098 failed 313±11 107 12.331.47 
H24b  Mala Hrastice 320 Up. Prot. > 550 Greyw. 32±23 20 4.77     3552 4.35     3236 failed 281±15 60 11.861.76 
H25  Voznice 390 Up. Prot. > 550 Greyw. 25±28 21 2.79     2209 2.87     2269 failed 284±28 73 12.341.57 
TB-1-2  14 08 15 E 49 57 36 N -419  

	 
FM. 
425 Diabase 5±1 21 4.45     367 6.58    543 99 169±12 - - 
TB-1-3  14 08 15 E 49 57 36 N -612 
Up. Ord. 
Kosov FM. 438±1 Sandst. 33±19 19 3.03     2644 4.90     4269 14 170±5 35 11.952.78 
(provided by Glasmacher 2000) 
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Fission tracks: Radial plots of individual grain ages, after Galbraith (1990) 
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(Figure provided by Glasmacher)
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Fission tracks: Histograms of confined track length 
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(Figure provided by Glasmacher)
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Z. Input parameters for numerical modelling 
 
Thicknesses: 
Event Time at base (Mabp) 
GP 1 GP 2 GP 3 GP 4 GP 5 GP 6 GP 7 GP 8 GP 9 GP 10 GP 11 GP 12 GP 13 GP 14 GP 15 GP 16 GP 17 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 -290 -153 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 -241 -244 -258 -106 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 -95 -100 -98 -95 -97 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 -73 -60 -61 -62 -61 -52 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 -90 -105 -114 -116 -125 -121 -120 -85 -56 -40 -30 -21 -9 0 0 0 0 
ErLochkovChot_20 341.19 -482 -468 -474 -498 -522 -575 -601 -619 -628 -627 -626 -625 -624 -624 -560 -510 -492 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 
ErLochkovChot_13 409.00 482 468 474 498 522 575 601 619 628 627 626 625 624 624 605 591 585 
Pozary_12 410.00 90 105 114 116 125 121 120 109 105 104 115 108 101 94 82 71 66 
Kopanina_11 426.00 73 60 61 62 61 52 43 48 48 48 47 47 48 48 50 52 53 
Liten_10 439.00 95 100 98 95 97 90 83 71 58 51 37 38 80 82 88 94 96 
Kosov_9 440.00 241 244 258 258 219 198 197 202 206 207 208 209 169 169 171 199 198 
KraluvDvur_8 441.00 313 285 236 208 212 210 209 209 205 203 202 201 200 200 198 171 172 
Bodalec_7 450.00 82 71 119 121 138 141 132 123 127 129 130 132 133 134 139 145 147 
Zahorany_6 454.00 213 288 258 257 219 204 208 216 216 234 236 237 239 241 246 248 249 
Vinice_5 458.00 281 270 268 255 264 268 272 270 268 249 246 244 242 240 232 226 224 
Letna_4 463.00 346 358 374 393 401 412 420 426 432 434 436 438 440 441 445 449 482 
LibenTren_3 510.00 327 300 282 259 244 228 214 203 194 190 187 184 181 178 172 167 133 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 18 GP 19 GP 20 GP 21 GP 22 GP 23 GP 24 GP 25 GP 26 GP 27 GP 28 GP 29 GP 30 GP 31 GP 32 GP 33 GP 34 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 0 0 0 0 0 0 0 0 0 0 0 0 0 -13 -46 -57 0 
ErLochkovChot_20 341.19 -478 -458 -405 -400 -434 -452 -507 -542 -577 -614 -620 -627 -640 -633 -614 -605 -601 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 
ErLochkovChot_13 409.00 580 571 558 562 595 610 657 668 664 664 659 654 641 633 614 605 601 
Pozary_12 410.00 62 59 57 60 62 65 75 85 109 135 159 170 193 208 244 256 245 
Kopanina_11 426.00 52 52 47 47 48 49 52 54 57 56 57 57 55 55 53 52 50 
Liten_10 439.00 99 102 111 109 107 106 101 98 92 89 72 72 91 91 91 91 82 
Kosov_9 440.00 197 197 207 222 238 241 248 253 255 257 258 258 239 239 247 246 223 
KraluvDvur_8 441.00 225 225 229 222 209 238 238 238 239 237 237 236 236 235 227 256 357 
Bodalec_7 450.00 98 102 107 104 103 73 89 85 84 88 88 89 91 91 94 66 119 
Zahorany_6 454.00 249 248 264 284 299 305 303 326 336 347 349 350 355 358 364 366 289 
Vinice_5 458.00 223 222 213 219 221 221 222 211 227 231 232 233 235 236 238 239 258 
Letna_4 463.00 478 474 440 419 405 400 385 379 357 681 730 802 1023 1027 1037 1041 1110 
LibenTren_3 510.00 136 207 812 921 958 971 1014 1040 1089 796 753 686 480 486 499 504 512 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 35 GP 36 GP 37 GP 38 GP 39 GP 40 GP 41 GP 42 GP 43 GP 44 GP 45 GP 46 GP 47 GP 48 GP 49 GP 50 GP 51 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ErLochkovChot_20 341.19 -591 -576 -568 -559 -544 -524 -411 -407 -394 -391 -372 -359 -320 -295 -249 -203 -192 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 
ErLochkovChot_13 409.00 607 614 616 618 620 618 613 618 624 625 615 610 608 592 535 484 537 
Pozary_12 410.00 233 217 211 203 193 182 120 122 107 104 103 101 87 80 74 76 10 
Kopanina_11 426.00 50 51 51 51 51 50 58 124 123 123 122 121 119 118 120 114 112 
Liten_10 439.00 82 82 82 82 123 122 108 34 74 74 75 76 76 75 72 76 77 
Kosov_9 440.00 226 231 234 237 199 290 294 292 251 317 318 321 330 334 351 354 354 
KraluvDvur_8 441.00 358 379 377 374 370 282 298 301 309 244 248 281 297 341 360 370 372 
Bodalec_7 450.00 115 110 111 112 113 115 113 115 119 125 163 145 151 137 116 100 97 
Zahorany_6 454.00 292 276 296 299 304 311 352 355 364 362 342 341 340 837 810 811 810 
Vinice_5 458.00 258 258 240 476 877 948 950 945 928 924 902 886 854 317 328 323 322 
Letna_4 463.00 1113 1115 1116 879 478 407 365 367 372 374 384 393 409 451 515 535 540 
LibenTren_3 510.00 513 516 517 518 519 521 546 547 550 551 554 555 558 542 559 575 579 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 52 GP 53 GP 54 GP 55 GP 56 GP 57 GP 58 GP 59 GP 60 GP 61 GP 62 GP 63 GP 64 GP 65 GP 66 GP 67 GP 68 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ErLochkovChot_20 341.19 -170 -165 -146 -131 -97 -95 -94 -91 -86 -71 -53 -29 0 0 0 0 0 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -264 -213 -189 -190 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 301 301 301 301 301 301 301 301 301 301 301 301 301 301 305 293 292 
ErLochkovChot_13 409.00 521 518 510 504 470 460 436 481 488 507 504 502 496 461 412 383 383 
Pozary_12 410.00 113 165 159 155 183 197 226 196 189 183 183 177 166 159 143 221 230 
Kopanina_11 426.00 0 24 61 70 60 59 63 66 63 49 48 56 51 54 68 50 51 
Liten_10 439.00 80 0 154 146 140 140 143 183 189 186 172 143 129 128 129 164 159 
Kosov_9 440.00 355 357 168 167 163 162 155 111 107 104 106 230 239 241 229 165 164 
KraluvDvur_8 441.00 376 377 375 370 356 348 324 345 350 359 363 251 259 273 486 441 438 
Bodalec_7 450.00 91 89 87 90 101 106 503 467 454 422 400 378 348 323 111 138 140 
Zahorany_6 454.00 809 807 800 793 774 763 360 306 296 286 288 289 288 282 275 267 265 
Vinice_5 458.00 322 321 318 316 306 302 296 308 312 316 317 318 319 319 305 285 286 
Letna_4 463.00 548 552 568 576 593 602 614 614 614 612 612 607 600 594 572 538 536 
LibenTren_3 510.00 586 589 590 591 606 612 636 657 662 669 673 681 693 704 733 792 798 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
 
Appendix Z Input parameters for numerical simulations 332 
Thicknesses: 
Event Time at base (Mabp) 
GP 69 GP 70 GP 71 GP 72 GP 73 GP 74 GP 75 GP 76 GP 77 GP 78 GP 79 GP 80 GP 81 GP 82 GP 83 GP 84 GP 85 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ErLochkovChot_20 341.19 0 0 0 0 0 -107 -133 -146 -178 -184 -209 -222 -247 -267 -215 -207 -211 
Er-Srbsko_19 342.00 -192 -193 -194 -235 -280 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 286 282 273 282 280 280 280 280 280 280 280 280 280 280 280 280 280 
ErLochkovChot_13 409.00 393 400 418 468 511 546 552 562 622 629 654 659 655 646 482 449 528 
Pozary_12 410.00 245 247 246 232 231 241 237 229 195 193 186 189 209 228 225 220 132 
Kopanina_11 426.00 55 54 56 65 71 119 136 142 123 119 106 100 89 85 126 130 123 
Liten_10 439.00 150 200 199 195 195 218 234 246 277 329 336 336 330 326 307 318 329 
Kosov_9 440.00 161 109 94 267 259 234 235 233 240 194 196 291 321 340 382 386 386 
KraluvDvur_8 441.00 423 420 428 248 260 260 262 266 263 261 275 191 189 181 198 201 203 
Bodalec_7 450.00 144 143 141 131 128 143 149 149 144 145 146 144 140 146 138 137 134 
Zahorany_6 454.00 261 260 258 278 297 300 313 327 364 367 377 379 383 381 325 315 313 
Vinice_5 458.00 291 293 297 290 288 334 346 348 340 340 337 339 334 333 360 361 362 
Letna_4 463.00 531 531 532 547 566 663 689 693 711 715 736 741 760 777 833 844 848 
LibenTren_3 510.00 811 813 820 845 859 845 837 837 835 832 820 823 814 805 760 741 733 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 86 GP 87 GP 88 GP 89 GP 90 GP 91 GP 92 GP 93 GP 94 GP 95 GP 96 GP 97 GP 98 GP 99 GP 100 GP 101 GP 102 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Pozary_21 339.31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ErLochkovChot_20 341.19 -216 -220 -224 -228 -237 -241 -254 -249 -214 -169 -176 -182 -185 -193 -197 -202 -205 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 
ErLochkovChot_13 409.00 523 519 517 515 506 500 472 435 383 318 515 515 516 516 516 517 516 
Pozary_12 410.00 125 223 306 303 302 303 318 331 336 343 140 137 220 347 346 344 344 
Kopanina_11 426.00 112 0 0 105 97 93 86 83 80 75 80 84 0 0 60 53 49 
Liten_10 439.00 346 359 273 168 177 275 289 295 299 304 297 290 286 152 90 92 151 
Kosov_9 440.00 385 384 382 379 374 276 263 268 271 275 279 282 283 284 285 288 233 
KraluvDvur_8 441.00 207 211 214 219 224 224 215 199 194 187 177 171 170 169 169 167 165 
Bodalec_7 450.00 129 126 123 119 114 115 121 123 119 121 123 121 119 118 119 119 119 
Zahorany_6 454.00 310 306 303 300 295 294 291 285 282 275 268 271 273 265 261 259 258 
Vinice_5 458.00 358 356 355 352 346 342 330 323 319 312 304 293 285 284 286 285 285 
Letna_4 463.00 850 850 850 850 851 846 798 749 708 665 635 614 604 585 573 559 550 
LibenTren_3 510.00 729 724 719 714 696 684 661 647 654 649 621 594 575 544 527 501 485 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 103 GP 104 GP 105 GP 106 GP 107 GP 108 GP 109 GP 110 GP 111 GP 112 GP 113 GP 114 GP 115 GP 116 GP 117 GP 118 GP 119 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er_Kosov_24 336.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -26 
Er-Liten_23 337.72 0 0 0 0 0 0 0 0 0 0 0 0 -56 -73 -121 -148 -158 
Er-Kopanina_22 338.20 0 0 0 0 0 0 0 0 0 0 -63 -81 -95 -96 -96 -90 -83 
Er-Pozary_21 339.31 0 0 0 0 -209 -231 0 0 0 -344 -338 -335 -322 -318 -312 -314 -316 
ErLochkovChot_20 341.19 -252 -304 -328 -534 -431 -392 -490 -382 -466 -394 -384 -381 -371 -368 -361 -357 -351 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 
ErLochkovChot_13 409.00 512 521 528 534 431 392 490 441 466 394 384 381 371 368 361 357 351 
Pozary_12 410.00 346 348 349 425 483 418 168 115 133 344 338 335 322 318 312 314 316 
Kopanina_11 426.00 46 47 49 54 65 57 55 51 68 67 88 91 95 96 96 90 83 
Liten_10 439.00 142 140 137 118 122 106 103 111 104 84 91 95 119 125 141 148 158 
Kosov_9 440.00 243 250 251 243 266 293 331 352 343 401 411 415 428 431 439 444 451 
KraluvDvur_8 441.00 156 143 144 173 191 175 177 160 137 167 161 158 149 149 153 155 140 
Bodalec_7 450.00 115 117 115 104 76 77 92 69 81 100 106 110 109 109 112 70 90 
Zahorany_6 454.00 263 270 275 321 329 305 272 302 303 257 258 254 250 177 185 232 238 
Vinice_5 458.00 276 272 269 314 343 328 372 366 328 294 275 219 236 312 310 309 305 
Letna_4 463.00 512 483 458 364 404 449 452 495 524 484 495 553 544 540 529 524 517 
LibenTren_3 510.00 419 379 354 128 96 86 90 199 328 468 473 472 468 467 462 457 450 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
 
    
Appendix Z Input parameters for numerical simulations 335 
 
Thicknesses: 
Event Time at base (Mabp) 
GP 120 GP 121 GP 122 GP 123 GP 124 GP 125 GP 126 GP 127 GP 128 GP 129 GP 130 GP 131 GP 132 GP 133 GP 134 GP 135 GP 136 
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HMiocene_37 23.00 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 120 
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HCenoman_35 97.00 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 150 
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
HAutun_31 286.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HStephan_30 296.00 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 
HWestphal_29 310.00 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Er-Vinice_28 320.09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Er-Zahorany_27 328.98 0 0 0 0 0 0 0 0 0 0 0 0 0 -28 -104 -109 -136 
Er_Bodalec_26 330.33 0 0 0 0 0 0 0 0 0 0 -62 -95 -105 -98 -85 -86 -97 
Er-KraluvDvur_25 332.00 0 0 0 0 0 0 0 -59 -79 -131 -136 -129 -129 -132 -144 -146 -154 
Er_Kosov_24 336.80 -98 -191 -314 -371 -512 -534 -568 -551 -545 -530 -512 -512 -512 -511 -510 -510 -509 
Er-Liten_23 337.72 -167 -157 -142 -134 -114 -121 -132 -143 -147 -157 -165 -165 -164 -164 -161 -161 -159 
Er-Kopanina_22 338.20 -83 -84 -85 -87 -91 -91 -93 -94 -94 -95 -102 -110 -113 -118 -132 -133 -143 
Er-Pozary_21 339.31 -317 -294 -265 -252 -237 -237 -236 -234 -234 -233 -231 -231 -230 -233 -246 -248 -257 
ErLochkovChot_20 341.19 -341 -363 -396 -412 -433 -436 -440 -434 -430 -422 -410 -404 -401 -395 -373 -370 -355 
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
SrbskoB_16 369.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
HSrbskoA_15 378.00 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 750 
Srbsko_14 382.00 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 280 
ErLochkovChot_13 409.00 341 363 396 412 433 436 440 434 430 422 410 404 401 395 373 370 355 
Pozary_12 410.00 317 294 265 252 237 237 236 234 234 233 231 231 230 233 246 248 257 
Kopanina_11 426.00 83 84 85 87 91 91 93 94 94 95 102 110 113 118 132 133 143 
Liten_10 439.00 167 157 142 134 114 121 132 143 147 157 165 165 164 164 161 161 159 
Kosov_9 440.00 465 507 563 586 615 603 568 551 545 530 512 512 512 511 510 510 509 
KraluvDvur_8 441.00 149 154 155 153 159 165 192 180 170 131 136 129 129 132 144 146 154 
Bodalec_7 450.00 99 98 92 94 95 93 90 105 116 155 130 114 105 98 85 86 97 
Zahorany_6 454.00 257 288 330 343 390 405 421 436 383 430 513 560 579 606 661 603 593 
Vinice_5 458.00 300 293 292 306 355 273 305 344 414 411 408 407 377 307 258 316 359 
Letna_4 463.00 508 511 506 368 347 425 395 371 368 361 350 346 373 439 500 505 500 
LibenTren_3 510.00 423 400 328 440 433 444 460 470 469 463 452 445 442 439 428 427 428 
Basement_2 600.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
hiatus_1 700.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Thicknesses: 
Event Time at base (Mabp) 
GP 137 GP 138 GP 139 GP 140 GP 141 GP 142 
           
Er-H-Miocene_38 5.00 -9999 -9999 -9999 -9999 -9999 -9999            
HMiocene_37 23.00 120 120 120 120 120 120            
Er_HCenoman_36 69.00 -9999 -9999 -9999 -9999 -9999 -9999            
HCenoman_35 97.00 150 150 150 150 150 150            
Er-HWestphal34 230.00 -9999 -9999 -9999 -9999 -9999 -9999            
Er-HStephan_33 240.00 -9999 -9999 -9999 -9999 -9999 -9999            
Er-HAutun_32 258.00 -9999 -9999 -9999 -9999 -9999 -9999            
HAutun_31 286.00 30 30 30 30 30 30            
HStephan_30 296.00 30 30 30 30 30 30            
HWestphal_29 310.00 50 50 50 50 50 50            
Er-Vinice_28 320.09 0 0 0 0 0 -185            
Er-Zahorany_27 328.98 -144 -172 -180 -443 -586 -628            
Er_Bodalec_26 330.33 -150 -159 -200 -192 -173 -86            
Er-KraluvDvur_25 332.00 -201 -216 -267 -193 -165 -151            
Er_Kosov_24 336.80 -441 -405 -398 -416 -393 -348            
Er-Liten_23 337.72 -191 -220 -168 -150 -174 -207            
Er-Kopanina_22 338.20 -141 -135 -127 -118 -113 -122            
Er-Pozary_21 339.31 -278 -304 -343 -364 -379 -376            
ErLochkovChot_20 341.19 -337 -321 -302 -240 -203 -179            
Er-Srbsko_19 342.00 -9999 -9999 -9999 -9999 -9999 -9999            
Er-HSrbskoA_18 345.00 -9999 -9999 -9999 -9999 -9999 -9999            
Er-SrbskoB_17 360.00 -9999 -9999 -9999 -9999 -9999 -9999            
SrbskoB_16 369.00 750 750 750 750 750 750            
HSrbskoA_15 378.00 750 750 750 750 750 750            
Srbsko_14 382.00 280 280 280 280 280 280            
ErLochkovChot_13 409.00 337 321 302 240 203 179            
Pozary_12 410.00 278 304 343 364 379 376            
Kopanina_11 426.00 141 135 127 118 113 122            
Liten_10 439.00 191 220 168 150 174 207            
Kosov_9 440.00 441 405 398 416 393 348            
KraluvDvur_8 441.00 201 216 267 193 165 151            
Bodalec_7 450.00 150 159 200 192 173 86            
Zahorany_6 454.00 585 614 604 629 586 628            
Vinice_5 458.00 378 343 317 431 499 462            
Letna_4 463.00 532 557 575 598 641 763            
LibenTren_3 510.00 391 369 390 492 550 591            
Basement_2 600.00 1 1 1 1 1 1            
hiatus_1 700.00 1 1 1 1 1 1            
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Input parameters for the most probable scenario: 
Event Time at base (Mabp) 
Lithology Temp. at SWI 
(°C) 
Heat flow 
(mW/m2) 
Source unit initial TOC 
(%) 
initial HI 
(mg HC/g TOC) 
kinetic properties 
Burnham (1989) 
Er-H-Miocene_38 5.00 SANDSTONE 14 40 / / / / 
HMiocene_37 23.00 SANDSTONE 18 40 / / / / 
Er_HCenoman_36 69.00 SANDcalc. 23 40 / / / / 
HCenoman_35 97.00 SANDcalc. 27 45 / / / / 
Er-HWestphal34 230.00 SHALEcoal 23 60 / / / / 
Er-HStephan_33 240.00 SAND&SHALE 22 65 / / / / 
Er-HAutun_32 258.00 SHALE 25 65 / / / / 
HAutun_31 286.00 SHALE 23 70 / / / / 
HStephan_30 296.00 SAND&SHALE 24 70 / / / / 
HWestphal_29 310.00 SHALEcoal 26 70 / / / / 
Er-Vinice_28 320.09 SILTSTONE 26 65 / / / / 
Er-Zahorany_27 328.98 SILTshaly 26 65 / / / / 
Er_Bodalec_26 330.33 SILTsandy 27 65 / / / / 
Er-KraluvDvur_25 332.00 SHALEsand 27 65 / / / / 
Er_Kosov_24 336.80 SHALEsilt 27 65 / / / / 
Er-Liten_23 337.72 SHALEcalc 27 65 / / / / 
Er-Kopanina_22 338.20 SHALEtuff 27 65 / / / / 
Er-Pozary_21 339.31 LIMEshaly 27 65 / / / / 
ErLochkovChot_20 341.19 LIMESTONE 27 65 / / / / 
Er-Srbsko_19 342.00 SAND&SILT 27 65 / / / / 
Er-HSrbskoA_18 345.00 SAND&SILT 27 65 / / / / 
Er-SrbskoB_17 360.00 SILTshaly 27 65 / / / / 
SrbskoB_16 369.00 SILTshaly 27 71 / / / / 
HSrbskoA_15 378.00 SAND&SILT 27 71 / / / / 
Srbsko_14 382.00 SAND&SILT 27 68 / / / / 
ErLochkovChot_13 409.00 LIMESTONE 27 65 / / / / 
Pozary_12 410.00 LIMEshaly 27 65 I 1.8 450 Type II 
Kopanina_11 426.00 SHALEtuff 27 69 H 1.5 300 Type III 
Liten_10 439.00 SHALEcalc 27 69 G 3 450 Type II 
Kosov_9 440.00 SHALEsilt 27 68 F 0.2 300 Type III 
KraluvDvur_8 441.00 SHALEsand 27 68 E 0.5 300 Type III 
Bodalec_7 450.00 SILTsandy 27 68 D 0.3 300 Type III 
Zahorany_6 454.00 SILTshaly 27 68 C 0.3 300 Type III 
Vinice_5 458.00 SILTSTONE 27 68 B 0.5 400 Type II 
Letna_4 463.00 SILTSTONE 27 68 A 0.5 400 Type II 
LibenTren_3 510.00 SANDsilty 27 68 / / / / 
Basement_2 600.00 SANDSTONE 27 60 / / / / 
hiatus_1 700.00 / 27 60 / / / / 
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